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(54) COLLISION AVOIDANCE SYSTEM AND COLLISION AVOIDANCE METHOD

(57) A collision avoidance system (1) is provided
with: a rear detection device (30) arranged in a host ve-
hicle (10) and capable of detecting an object directly be-
hind the host vehicle, an object to the rear-right of the
host vehicle, and an object to the rear-left of the host
vehicle in a non-contact manner; a computation process-
ing unit (51) that outputs, on the basis of a detection result
from the rear detection device, the presence/absence of
the possibility of a collision between the host vehicle and
afirst following vehicle approaching the host vehicle from
directly behind, the presence/absence of the possibility
of a collision between the host vehicle and a second fol-
lowing vehicle approaching the host vehicle from the
rear-right, and the presence/absence of the possibility of
a collision between the host vehicle and a third following
vehicle approaching the host vehicle from the rear-left;
and a warning device (7) that generates, on the basis of FIG 1
an output result from the computation processing unit, a '
first warning when there is the possibility of a collision

with the first following vehicle, a second warning when

there is the possibility of a collision with the second fol-

lowing vehicle, and a third warning when there is the pos-

sibility of a collision with the third following vehicle.
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Description
Technical Field

[0001] The present invention relates to a collision
avoidance system and a collision avoidance method.

Background Art

[0002] A collision avoidance system for avoiding a col-
lision between a host vehicle and a following vehicle is
known as a collision avoidance system. As an example
of a collision avoidance system, Patent Document 1 dis-
closes a lane change guidance device having an object
detection device for detecting an object in a side-rear
region of a vehicle and a warning instruction device ac-
tivated when a following vehicle is detected.

Citation List
Patent Document

[0003] Patent Document 1: Japanese Unexamined
Patent Application Publication No. 2001-010433A

Summary of Invention
Technical Problem

[0004] A collision avoidance system for avoiding a col-
lision between a host vehicle and a following vehicle in-
cludes a rear detection device that detects the following
vehicle and a warning device that generates a warning
for the following vehicle or a driver. The following vehicle
may be a following vehicle approaching the host vehicle
from directly behind, a following vehicle approaching the
host vehicle from the rear-right, or a following vehicle
approaching the host vehicle from the rear-left. Thus to
avoid a collision, what is needed is a technique capable
of correctly understanding the state of the following ve-
hicle and suppressing the occurrence of unnecessary
warnings.

[0005] An object of embodiments of the presentinven-
tion is to provide a collision avoidance system and a col-
lision avoidance method capable of correctly under-
standing the state of a following vehicle and suppressing
the occurrence of unnecessary warnings.

Solution to Problem

[0006] A first aspect of the present invention provides
a collision avoidance system including a rear detection
device, a computation processing unit, and a warning
device. The rear detection device is arranged in a host
vehicle and capable of detecting an object directly behind
the host vehicle, an object to rear-right of the host vehicle,
and an object to rear-left of the host vehicle in a non-
contact manner. A computation processing unit, on the
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basis of a detection result from the rear detection device,
outputs presence/absence of a possibility of a collision
between the host vehicle and a first following vehicle ap-
proaching the host vehicle from directly behind, pres-
ence/absence of a possibility of a collision between the
host vehicle and a second following vehicle approaching
the host vehicle from the rear-right, and presence/ab-
sence of a possibility of a collision between the host ve-
hicle and a third following vehicle approaching the host
vehicle from the rear-left. The warning device, on the
basis of an output result from the computation processing
unit, generates afirst warning when there is the possibility
of a collision with the first following vehicle, generates a
second warning when there is the possibility of a collision
with the second following vehicle, and generates a third
warning when there is the possibility of a collision with
the third following vehicle.

[0007] In the first aspect of the present invention, the
computation processing unit may estimate a first amount
of time from a pointin time when the rear detection device
detects the first following vehicle to when the first follow-
ing vehicle and the host vehicle collide, a second amount
of time from a pointin time when the rear detection device
detects the second following vehicle to when the second
following vehicle and the host vehicle collide, and a third
amount of time from a point in time when the rear detec-
tion device detects the third following vehicle to when the
third following vehicle and the host vehicle collide. The
computation processing unit, on the basis of the results
that are estimated, output a first risk level of the host
vehicle and the first following vehicle colliding, a second
risk level of the host vehicle and the second following
vehicle colliding, and a third risk level of the host vehicle
and the third following vehicle colliding. The system may
further include a comparison unit that compares the first
risk level, the second risk level, and the third risk level.
On the basis of a comparison result from the comparison
unit, the warning device may generate the first warning
when the first risk level is highest, generate the second
warning when the second risk level is highest, and gen-
erate the third warning when the third risk level is highest.
[0008] In the first aspect of the present invention, the
system may further include a front detection device, a
selection unit, and a guidance unit. The front detection
device is arranged in the host vehicle and capable of
detecting an object directly in front of the host vehicle,
an object to front-right of the host vehicle, and an object
to front-left of the host vehicle in a non-contact manner.
The selection unit, on the basis of detection results from
the rear detection device and the front detection device,
selects a space from, a space directly in front, a space
to the front-right, and a space to the front-left, in which
no object is present. The guidance unit guides the host
vehicle into the space selected by the selection unit.
[0009] In the first aspect of the present invention, the
guidance unit may include at least one of an instruction
output unit and a driving control unit. The instruction out-
put unit is arranged within the host vehicle and instructs
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a driver of a target advancement direction of the host
vehicle. The driving control unit controls a driving appa-
ratus of the host vehicle.

[0010] In the first aspect of the present invention, a
warning generated by the warning device may include
sound, an image, or both.

[0011] In the first aspect of the present invention, the
rear detection device may include a first detector having
afirst detection range and capable of detecting an object
directly behind, a second detector having a second de-
tection range and capable of detecting an object to the
rear-right, and a third detector having a third detection
range capable of detecting an object to the rear-left. The
system may further include a rear detection device con-
trol unit and a direction indicator operation unit. The rear
detection device control unit is capable of switching each
of the first detector, the second detector, and the third
detector from an active state to an inactive state and vice
versa. The direction indicator operation unit operates a
direction indicator of the host vehicle. The rear detection
device control unit may switch at least one of the second
detector and the third detector in the inactive state to the
active state on the basis of an operation signal outputted
from the direction indicator operation unit.

[0012] In the first aspect of the present invention, the
system may further include a cancellation unit that out-
puts a cancellation signal that cancels the operation sig-
nal outputted from the direction indicator operation unit
upon the host vehicle changing from a non-straight
traveling state to a straight traveling state. The rear de-
tection device control unit may switch at least one of the
second detector and the third detector in the active state
to the inactive state on the basis of the cancellation signal
outputted from the cancellation unit.

[0013] In the first aspect of the present invention, the
rear detection device control unit may keep the first de-
tector in the active state both before the operation signal
is outputted and after the cancellation signal has been
outputted.

[0014] In the first aspect of the present invention, the
rear detection device may include a first detector having
a first detection range capable of detecting an object di-
rectly behind, a second detector having a second detec-
tion range capable of detecting an object to the rear-right,
and a third detector having a third detection range capa-
ble of detecting an object to the rear-left. The system may
further include a rear detection device control unit and a
steering operation unit. The rear detection device control
unit is capable of switching each of the first detector, the
second detector, and the third detector from an active
state to an inactive state and vice versa. The steering
operation unit operates a steering apparatus of the host
vehicle. The rear detection device control unit may switch
atleast one of the second detector and the third detector
in the inactive state to the active state upon it being de-
termined, on the basis of an operation amount of the
steering operation unit, that the host vehicle has changed
from the straight traveling state to the non-straight
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traveling state.

[0015] In the first aspect of the present invention, the
rear detection device control unit may switch at least one
of the second detector and the third detector in the active
state to the inactive state upon it being determined, on
the basis of the operation amount of the steering opera-
tion unit, that the host vehicle has changed from the non-
straight traveling state to the straight traveling state.
[0016] In the first aspect of the present invention, the
rear detection device control unit may keep the first de-
tector in the active state both before the host vehicle
changes from the straight traveling state to the non-
straight traveling state and after the host vehicle has
changed from the non-straight traveling state to the
straight traveling state.

[0017] In the first aspect of the present invention, the
rear detection device may have a detection range capa-
ble of detecting an object directly behind, an object to the
rear-right, and an object to the rear-left. The system may
further include a specific region setting unit and a direc-
tion indicator operation unit. The specific region setting
unit is capable of switching each of a first specific region
extending directly behind, a second specific region ex-
tending to the rear-right, and a third specific region ex-
tending to the rear-left from a set state to an unset state
and vice versa in the detection range on the basis of a
detection result from the rear detection device. The di-
rection indicator operation unit operates a direction indi-
cator of the host vehicle. The specific region setting unit
may switch at least one of the second specific region and
the third specific region in the unset state to the set state
on the basis of an operation signal outputted from the
direction indicator operation unit. The computation
processing unit may output presence/absence of a pos-
sibility of a collision with the first following vehicle present
in the first specific region, presence/absence of a possi-
bility of a collision with the second following vehicle
present in the second specific region, and presence/ab-
sence of a possibility of a collision with the third following
vehicle present in the third specific region, on the basis
of the detection result from the rear detection device.
[0018] In the first aspect of the present invention, the
system may further include a cancellation unit that out-
puts a cancellation signal that cancels the operation sig-
nal outputted from the direction indicator operation unit
upon the host vehicle changing from a non-straight
traveling state to a straight traveling state. The specific
region setting unit may switch at least one of the second
specific region and the third specific region in the set
state to the unset state on the basis of the cancellation
signal outputted from the cancellation unit.

[0019] In the first aspect of the present invention, the
specific region setting unit may keep the first specific re-
gion in the set state both before the operation signal is
outputted and after the cancellation signal has been out-
putted.

[0020] In the first aspect of the present invention, the
rear detection device may have a detection range capa-
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ble of detecting an object directly behind, an object to the
rear-right, and an object to the rear-left. The system may
furtherinclude a specific region setting unitand a steering
operation unit. The specific region setting unit is capable
of switching each of a first specific region extending di-
rectly behind, a second specific region extending to the
rear-right, and a third specific region extending to the
rear-left from a set state to an unset state and vice versa
in the detection range on the basis of a detection result
from the rear detection device. The steering operation
unit operates a steering apparatus of the host vehicle.
The specific region setting unit may switch at least one
of the second specific region and the third specific region
in the unset state to the set state upon it being deter-
mined, on the basis of an operation amount of the steer-
ing operation unit, that the host vehicle has changed from
a straight traveling state to a non-straight traveling state.
The computation processing unit may output pres-
ence/absence of a possibility of a collision with the first
following vehicle present in the first specific region, pres-
ence/absence of a possibility of a collision with the sec-
ond following vehicle present in the second specific re-
gion, and presence/absence of a possibility of a collision
with the third following vehicle present in the third specific
region, on the basis of the detection result from the rear
detection device.

[0021] In the first aspect of the present invention, the
specific region setting unit may switch at least one of the
second specific region and the third specific region in the
set state to the unset state upon it being determined, on
the basis of the operation amount of the steering opera-
tion unit, that the host vehicle has changed from the non-
straight traveling state to the straight traveling state.
[0022] In the first aspect of the present invention, the
specific region setting unit may keep the first specific re-
gion in the set state both before the host vehicle changes
from the straight traveling state to the non-straight
traveling state and after the host vehicle has changed
from the non-straight traveling state to the straight
traveling state.

[0023] In the first aspect of the present invention, the
system may further include a two-wheeled vehicle deter-
mination unit and a two-wheeled vehicle warning device.
The two-wheeled vehicle determination unit determines
whether or not the third following vehicle is a two-wheeled
vehicle on the basis of the detection result from the rear
detection device. The two-wheeled vehicle warning de-
vice generates a warning for the two-wheeled vehicle
when the host vehicle is to turn left upon it being deter-
mined, on the basis of a determination result from the
two-wheeled vehicle determination unit, that the third fol-
lowing vehicle is a two-wheeled vehicle.

[0024] A second aspect of the present invention pro-
vides a collision avoidance method including the steps
of: detecting an object directly behind the host vehicle,
an object to rear-right of the host vehicle, and an object
to rear-left of the host vehicle in a non-contact manner
using a rear detection device arranged in a host vehicle;
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determining, on the basis of a detection result from the
rear detection device, presence/absence of a possibility
of a collision with a first following vehicle approaching
the host vehicle from directly behind, presence/absence
of a possibility of a collision with a second following ve-
hicle approaching the host vehicle from the rear-right,
and presence/absence of a possibility of a collision with
a third following vehicle approaching the host vehicle
from the rear-left; and generating a first warning when
there is a possibility of a collision with the first following
vehicle, generating a second warning when there is a
possibility of a collision with the second following vehicle,
and generating a third warning when there is a possibility
of a collision with the third following vehicle, on the basis
of a result of the determination, using a warning device
arranged in the host vehicle.

Advantageous Effects of Invention

[0025] Accordingtoembodiments ofthe presentinven-
tion, a collision avoidance system and a collision avoid-
ance method capable of correctly understanding the
state of a following vehicle and suppressing the occur-
rence of unnecessary warnings is provided.

Brief Description of Drawings

[0026]
FIG. 1 is a schematic diagram illustrating an exam-
ple of a vehicle according to a first embodi-
ment.

is a diagram schematically illustrating an ex-
ample of a rear detection device and a front
detection device according to the first embod-
iment.

is a function block diagram illustrating an ex-
ample of a control device according to the first
embodiment.

is a diagram schematically illustrating a rela-
tionship between a host vehicle and following
vehicles according to the first embodiment.
is a flowchart illustrating an example of a col-
lision avoidance method according to the first
embodiment.

is a schematic diagram illustrating a state in
which itis highly likely that a host vehicle and
a first following vehicle will collide.

is a diagram illustrating an example of a state
in which an internal warning device generates
a first warning according to the first embodi-
ment.

is a diagram illustrating an example of a state
in which an external warning device gener-
ates a first warning according to the first em-
bodiment.

is a schematic diagram illustrating a state in
which itis highly likely that a host vehicle and

FIG. 2

FIG. 3

FIG. 4

FIG. 5

FIG. 6

FIG. 7

FIG. 8

FIG. 9
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a second following vehicle will collide.

is a diagram illustrating an example of a state
in which the internal warning device gener-
ates a second warning according to the first
embodiment.

is a diagram illustrating an example of a state
in which the external warning device gener-
ates a second warning according to the first
embodiment.

is a schematic diagram illustrating a state in
which it is highly likely that a host vehicle and
a third following vehicle will collide.

is a diagram illustrating an example of a state
in which the internal warning device gener-
ates a third warning according to the first em-
bodiment.

is a diagram illustrating an example of a state
in which the external warning device gener-
ates a third warning according to the first em-
bodiment.

is a schematic diagram illustrating a state in
which a host vehicle is guided by a guidance
unit.

is a flowchart illustrating an example of a col-
lision avoidance method according to a sec-
ond embodiment.

is a diagram schematically illustrating an ex-
ample of operations performed by a host ve-
hicle according to the second embodiment.
is a diagram schematically illustrating an ex-
ample of operations performed by the host
vehicle according to the second embodiment.
is a diagram schematically illustrating an ex-
ample of operations performed by the host
vehicle according to the second embodiment.
is a diagram schematically illustrating an ex-
ample of a rear detection device according to
a third embodiment.

is a diagram illustrating an example of a ve-
hicle according to a fourth embodiment.

is a diagram schematically illustrating an ex-
ample of operations performed by a rear de-
tection device according to the fourth embod-
iment.

is a diagram schematically illustrating an ex-
ample of operations performed by the rear de-
tection device according to the fourth embod-
iment.

is a diagram schematically illustrating an ex-
ample of operations performed by the rear de-
tection device according to the fourth embod-
iment.

is a flowchart illustrating an example of a col-
lision avoidance method according to the
fourth embodiment.

is a diagram schematically illustrating an ex-
ample of operations performed by a host ve-
hicle according to the fourth embodiment.
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FIG. 27 is a diagram schematically illustrating an ex-
ample of operations performed by the host
vehicle according to the fourth embodiment.
is a diagram schematically illustrating an ex-
ample of operations performed by the host
vehicle according to the fourth embodiment.
is a diagram illustrating an example of a ve-

hicle according to a fifth embodiment.

FIG. 28

FIG. 29

Description of Embodiments

[0027] Embodiments according to the present inven-
tion will be described with reference to the appended
drawings. However, the present invention is not limited
to those embodiments. The constituent elements of the
embodiments described below can be combined withone
another as appropriate. In addition, there are also cases
where some of the constituent elements are not used.

First Embodiment

[0028] A first embodiment will now be described. FIG.
1 is a schematic diagram illustrating an example of a
vehicle 10 according to the present embodiment. The
vehicle 10 has a collision avoidance system 1 for avoiding
a collision with another vehicle that is present behind the
vehicle 10 (a following vehicle). In the descriptions below,
the vehicle 10 will be referred to as a host vehicle 10 as
appropriate, and other vehicles present behind the host
vehicle 10 will be referred to as following vehicles as ap-
propriate.

[0029] The collision avoidance system 1 reduces dam-
age caused by collisions between the host vehicle 10
and following vehicles. The collision avoidance system
1 prevents collisions between the host vehicle 10 and
following vehicles.

[0030] The host vehicle 10 includes: a driving appara-
tus 12 including front wheels 12F and rear wheels 12R;
avehicle body 14 supported by the driving apparatus 12;
asteering apparatus 16 capable of changing an advance-
ment direction of the host vehicle 10; direction indicators
(turn signals) 18 indicating the advancement direction of
the host vehicle 10 to the exterior of the host vehicle 10;
a steering operation unit 20 that operates the steering
apparatus 16 of the host vehicle 10; a direction indicator
operation unit 22 that operates the direction indicators
18; and a control device 50 that controls the host vehicle
10. The control device 50 includes an Engine Control
Unit (ECU).

[0031] Inthe present embodiment, the host vehicle 10
is a four-wheeled vehicle. The host vehicle 10 has two
front wheels 12F and two rear wheels 12R.

[0032] The hostvehicle 10 has adriver cabthatadriver
occupies. The steering operation unit 20 and the direction
indicator operation unit 22 are arranged in the driver cab.
The steering operation unit 20 and the direction indicator
operation unit 22 are operated by the driver. The steering
operation unit 20 includes a steering wheel. The direction
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indicator operation unit 22 includes an operation lever
arranged on a steering column.

[0033] The steering apparatus 16 includes a rack and
pinion mechanism, and can change an orientation of the
front wheels 12F as a result of the steering operation unit
20 being operated. The advancement direction of the
host vehicle 10 is changed as a result of the orientation
of the front wheels 12F being changed by the steering
apparatus 16. The steering apparatus 16 can change the
advancement direction of the host vehicle 10 from a
straight traveling state to a non-straight traveling state
and vice versa.

[0034] The direction indicators 18 are at least partially
arranged on an outer surface of the host vehicle 10. The
direction indicators 18 indicate the advancement direc-
tion ofthe host vehicle 10 to the exterior of the host vehicle
10 when the host vehicle 10 turns left or right or when
changing course. The direction indicators 18 include
lamps capable of flashing. The direction indicators 18 are
activated by the direction indicator operation unit 22 be-
ing operated. The direction indicators 18 are arranged in
both a front part 14F and a rear part 14R of the vehicle
body 14. The direction indicators 18 are also arranged
in both a right part and a left part of the vehicle body 14.
When the driver turns the host vehicle 10 to the right,
s/he operates the direction indicator operation unit 22
such that the direction indicators 18 arranged on the right
part of the vehicle body 14 are activated (flash). Likewise,
when the driver turns the host vehicle 10 to the left, s/he
operates the direction indicator operation unit 22 such
that the direction indicators 18 arranged on the left part
of the vehicle body 14 are activated (flash).

[0035] The host vehicle 10 includes a rear detection
device 30 capable of detecting an object to the rear of
the host vehicle 10 in a non-contact manner. The rear
detection device 30 is arranged in the rear part 14R of
the vehicle body 14 of the host vehicle 10. The rear of
the host vehicle 10 includes directly behind the host ve-
hicle 10, the rear-right of the host vehicle 10, and the
rear-left of the host vehicle 10. The rear detection device
30 is capable of detecting an object directly behind
(straightbehind) the host vehicle 10, an objectto the rear-
right (diagonally behind on the right) of the host vehicle
10, and an object to the rear-left (diagonally behind on
the left) of the host vehicle 10, in a non-contact manner.
[0036] The rear detection device 30 includes a radar
device (a millimeter wave radar device, a Doppler radar
device). The radar device is capable of detecting whether
or not an object is present behind the host vehicle 10 by
emitting radio waves (or ultrasonic waves) and then re-
ceiving the radio waves (or ultrasonic waves) reflected
by the object. In addition to whether or not an object is
present, the radar device is capable of detecting a relative
position of the object (a relative distance and orientation)
and a relative velocity of the object. Note that the rear
detection device 30 may include at least one of a laser
scanner and a three-dimensional rangefinder. The rear
detection device 30 may include an imaging device (a
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camera) capable of detecting an object in a non-contact
manner by acquiring an optical image of the object.
[0037] In the present embodiment, the rear detection
device 30includes afirst detector 31 capable of detecting
an object directly behind the host vehicle 10, a second
detector 32 capable of detecting an object to the rear-
right of the host vehicle 10, and a third detector 33 ca-
pable of detecting an object to the rear-left of the host
vehicle 10. The first detector 31 is arranged in a central
partofthe vehicle body 14 with respectto awidth direction
of the vehicle body 14. The second detector 32 is ar-
ranged in the right part of the vehicle body 14 with respect
to the width direction of the vehicle body 14. The third
detector 33 is arranged in the left part of the vehicle body
14 with respect to the width direction of the vehicle body
14.

[0038] The host vehicle 10 includes a front detection
device 40 capable of detecting an object to the front of
the host vehicle 10 in a non-contact manner. The front
detection device 40 is arranged in the front part 14F of
the vehicle body 14 of the host vehicle 10. The front of
the host vehicle 10 includes directly in front (straight in
front) of the host vehicle 10, the front-right (diagonally in
front on the right) of the host vehicle 10, and the front-
left (diagonally in front on the left) of the host vehicle 10.
The front detection device 40 is capable of detecting an
object directly in front of the host vehicle 10, an object to
the front-right of the host vehicle 10, and an object to the
front-left of the host vehicle 10, in a non-contact manner.
[0039] The front detection device 40 includes a radar
device (a millimeter wave radar device, a Doppler radar
device). The radar device is capable of detecting whether
or not an object is present in front of the host vehicle 10
by emitting radio waves (or ultrasonic waves) and then
receiving the radio waves (or ultrasonic waves) reflected
by the object. In addition to whether or not an object is
present, theradar device is capable of detecting arelative
position of the object (a relative distance and orientation)
and a relative velocity of the object. Note that the front
detection device 40 may include at least one of a laser
scanner and a three-dimensional rangefinder. The front
detection device 40 may include an imaging device (a
camera) capable of detecting an object in a non-contact
manner by acquiring an optical image of the object.
[0040] In the present embodiment, the front detection
device 40 includes a fourth detector 41 capable of de-
tecting an object directly in front of the host vehicle 10,
a fifth detector 42 capable of detecting an object to the
front-right of the host vehicle 10, and a sixth detector 43
capable of detecting an object to the front-left of the host
vehicle 10. The fourth detector 41 is arranged in a central
part of the vehicle body 14 with respect to the width di-
rection of the vehicle body 14. The fifth detector 42 is
arranged in the right part of the vehicle body 14 with re-
spect to the width direction of the vehicle body 14. The
sixth detector 43 is arranged in the left part of the vehicle
body 14 with respect to the width direction of the vehicle
body 14.
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[0041] The host vehicle 10 includes a warning device
7 that generates a warning. The warning device 7 in-
cludes an internal warning device 71 and an external
warning device 72. The internal warning device is ar-
ranged at a driver’s seat and generates a warning exclu-
sively for the driver. The external warning device 72 is
arranged on an outer surface of the vehicle body 14 and
generates a warning exclusively for a following vehicle.
The internal warning device 71 generates the warning
forthe driver using sound, animage, or both. The external
warning device 72 generates the warning for following
vehicles 11 using sound, an image, or both.

[0042] FIG.2is adiagram schematically illustrating an
example of the rear detection device 30 and the front
detection device 40. The rear detection device 30 is ar-
ranged in the rear part 14R of the vehicle body 14. The
front detection device 40 is arranged in the front part 14F
of the vehicle body 14. The rear detection device 30 in-
cludes the first detector 31 arranged in the central part
of the vehicle body 14, the second detector 32 arranged
in the right part of the vehicle body 14, and the third de-
tector 33 arranged in the left part of the vehicle body 14.
The front detection device 40 includes the fourth detector
41 arranged in the central part of the vehicle body 14,
the fifth detector 42 arranged in the right part of the vehicle
body 14, and the sixth detector 43 arranged in the left
part of the vehicle body 14.

[0043] The first detector 31, the second detector 32,
the third detector 33, the fourth detector 41, the fifth de-
tector 42, and the sixth detector 43 each includes a radar
device. Each radar device may include a Doppler radar
device. Each radar device has an emitter that emits radio
waves (or ultrasonic waves) and a receiver that receives
the radio waves (or ultrasonic waves) reflected by an
object, and is capable of detecting whether or not an ob-
ject is present on the basis of the radio waves (or ultra-
sonic waves) received by the receiver. The first detector
31, the second detector 32, the third detector 33, the
fourth detector 41, the fifth detector 42, and the sixth de-
tector 43 each is capable of detecting a relative position
of the object (a relative distance and orientation) and a
relative velocity of the object.

[0044] The first detector 31 has a first detection range
318 capable of detecting an object directly behind the
host vehicle 10. The first detection range 31S spreads
out radially in vertical and horizontal directions from the
emitter of the first detector 31 that emits radio waves (or
ultrasonic waves). The first detector 31 is capable of de-
tecting whether or not an object is present in the first
detection range 31S. The first detector 31 is also capable
of detecting the relative position and the relative velocity
of an object present in the first detection range 31S.
[0045] Thesecond detector 32 has a second detection
range 32S capable of detecting an object to the rear-right
of the host vehicle 10. The second detection range 32S
spreads out radially in vertical and horizontal directions
from the emitter of the second detector 32 that emits radio
waves (or ultrasonic waves). The second detector 32 is
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capable of detecting whether or not an object is present
in the second detection range 32S. The second detector
32 is also capable of detecting the relative position and
the relative velocity of an object present in the second
detection range 32S.

[0046] The third detector 33 has a third detection range
33S capable of detecting an object to the rear-left of the
host vehicle 10. The third detection range 33S spreads
out radially in vertical and horizontal directions from the
emitter of the third detector 33 that emits radio waves (or
ultrasonic waves). The third detector 33 is capable of
detecting whether or not an object is present in the third
detectionrange 33S. The third detector 33 is also capable
of detecting the relative position and the relative velocity
of an object present in the third detection range 33S.
[0047] The fourth detector 41 has a fourth detection
range 41S capable of detecting an object directly in front
of the host vehicle 10. The fourth detection range 41S
spreads out radially in vertical and horizontal directions
from the emitter of the fourth detector 41 that emits radio
waves (or ultrasonic waves). The fourth detector 41 is
capable of detecting whether or not an object is present
in the fourth detection range 41S. The fourth detector 41
is also capable of detecting the relative position and the
relative velocity of an object present in the fourth detec-
tion range 418S.

[0048] The fifth detector 42 has a fifth detection range
428 capable of detecting an object to the front-right of
the host vehicle 10. Thefifth detection range 42S spreads
out radially in vertical and horizontal directions from the
emitter of the fifth detector 42 that emits radio waves (or
ultrasonic waves). The fifth detector 42 is capable of de-
tecting whether or not an object is present in the fifth
detectionrange 42S. The fifth detector 42 is also capable
of detecting the relative position and the relative velocity
of an object present in the fifth detection range 42S.
[0049] The sixth detector 43 has a sixth detection
range 43S capable of detecting an object to the front-left
of the host vehicle 10. The sixth detection range 43S
spreads out radially in vertical and horizontal directions
from the emitter of the sixth detector 43 that emits radio
waves (or ultrasonic waves). The sixth detector 43 is ca-
pable of detecting whether or not an object is present in
the sixth detection range 43S. The sixth detector 43 is
also capable of detecting the relative position and the
relative velocity of an object present in the sixth detection
range 43S.

[0050] The first detection range 31S, the second de-
tection range 32S, and the third detection range 33S are
set to be substantially non-overlapping. Note, however,
that the first detection range 31S and the second detec-
tion range 32S may at least partially overlap. The first
detection range 31S and the third detection range 33S
may also at least partially overlap. The second detection
range 32S and the third detection range 33S do not over-
lap.

[0051] The fourth detection range 41S, the fifth detec-
tion range 42S, and the sixth detection range 43S are
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set to be substantially non-overlapping. Note, however,
that the fourth detection range 41S and the fifth detection
range 42S may at least partially overlap. The fourth de-
tection range 41S and the sixth detection range 43S may
also at least partially overlap. The fifth detection range
428 and the sixth detection range 43S do not overlap.
[0052] FIG. 3 is afunction block diagram illustrating an
example of the control device 50 according to the present
embodiment. FIG. 4 is a diagram schematically illustrat-
ing relationships between the host vehicle 10 and the
following vehicles 11. Asillustratedin FIG. 4, the following
vehicles 11 include a first following vehicle 11A present
directly behind the host vehicle 10, a second following
vehicle 11B present to the rear-right of the host vehicle
10, and a third following vehicle 11C present to the rear-
left of the host vehicle 10.

[0053] As illustrated in FIG. 3, the control device 50 is
connected to the rear detection device 30, the front de-
tection device 40, the steering operation unit 20, the di-
rection indicator operation unit 22, the warning device 7,
the driving apparatus 12, and the steering apparatus 16.
[0054] A detection resultfromthe rear detection device
30 including the first detector 31, the second detector 32,
and the third detector 33 is outputted to the control device
50. A detection result from the front detection device 40
including the fourth detector 41, the fifth detector 42, and
the sixth detector 43 is outputted to the control device 50.
[0055] Upon the steering operation unit 20 being op-
erated, an operation signal is generated on the basis of
an operation amount of the steering operation unit 20.
The operation signal generated by the steering operation
unit 20 has a high value in the case where the operation
amount of the steering operation unit 20 is high. The op-
eration signal generated by the steering operation unit
20 has a low value in the case where the operation
amount of the steering operation unit 20 is low. The op-
eration signal generated by the steering operation unit
20 is outputted to the control device 50.

[0056] Upon the direction indicator operation unit 22
being operated, an operation signal is generated. In the
case where the direction indicator operation unit 22 is
operated such that the direction indicators 18 arranged
in the right part of the vehicle body 14 are activated, a
right-side operation signal is generated by the direction
indicator operation unit 22. In the case where the direction
indicator operation unit 22 is operated such that the di-
rectionindicators 18 arranged in the left part of the vehicle
body 14 are activated, a left-side operation signal is gen-
erated by the direction indicator operation unit 22. The
operation signal generated by the direction indicator op-
eration unit 22 is outputted to the control device 50.
[0057] The control device 50 outputs a control signal
for controlling the warning device 7 including the internal
warning device 71 and the external warning device 72.
[0058] The control device 50 includes a computation
processing unit 51, a comparison unit 52, a warning de-
vice control unit 53, a selection unit 54, a driving control
unit 55, a rear detection device control unit 56, and a
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cancellation unit 57. The computation processing unit 51
outputs the presence/absence of the possibility of a col-
lision between the host vehicle 10 and the following ve-
hicles 11. The comparison unit 52 compares risk levels
of collisions with the following vehicles 11. The warning
device control unit 53 controls the warning device 7. The
selection unit 54 selects a space in front of the host ve-
hicle 10 where no object is present on the basis of the
detection result from the front detection device 40. The
driving control unit 55 controls the driving apparatus 12.
The rear detection device control unit 56 controls the rear
detection device 30. The cancellation unit 57 cancels the
operation signal.

[0059] Onthe basis of the detection result from the rear
detection device 30, the computation processing unit 51
outputs (calculates) the presence/absence of the possi-
bility of a collision between the host vehicle 10 and the
first following vehicle 11A approaching the host vehicle
10 from directly behind the host vehicle 10, the pres-
ence/absence of the possibility of a collision between the
host vehicle 10 and the second following vehicle 11B
approaching the host vehicle 10 from the rear-right of the
host vehicle 10, and the presence/absence of the possi-
bility of a collision between the host vehicle 10 and the
third following vehicle 11C approaching the host vehicle
10 from the rear-left of the host vehicle 10.

[0060] The computation processingunit51 determines
the presence/absence of the possibility of a collision be-
tween the host vehicle 10 and the first following vehicle
11A approaching the host vehicle 10 from directly behind
the host vehicle 10 on the basis of a detection result from
the first detector 31. In the present embodiment, the first
detector 31 includes a radar device and is capable of
detecting whether or not the first following vehicle 11A is
presentin the first detection range 31S. The first detector
31 is also capable of detecting the relative position (the
relative distance and orientation) and the relative velocity
of the first following vehicle 11A arranged in the first de-
tection range 31S. The computation processing unit 51
is capable of finding the orientation of the first following
vehicle 11A approaching the host vehicle 10 on the basis
of the detection result from the first detector 31.

[0061] The computation processingunit51 determines
the presence/absence of the possibility of a collision be-
tween the first following vehicle 11A and the host vehicle
10 on the basis of the relative position and the relative
velocity between the first following vehicle 11A and the
host vehicle 10 detected using the first detector 31. For
example, the computation processing unit 51 determines
that there is a low possibility (there is no possibility) of a
collision between the first following vehicle 11A and the
host vehicle 10 in the case where, the computation
processing unit51 determines, on the basis of the relative
position and the relative velocity between the first follow-
ing vehicle 11A and the host vehicle 10, that the relative
distance between the first following vehicle 11A and the
host vehicle 10 has increased and, as a result, the first
following vehicle 11A and the host vehicle 10 will not
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collide even if an amount of time elapsed from the point
in time when the first following vehicle 11A was detected
exceeds a first threshold value. The computation
processing unit 51 determines that there is a high possi-
bility (there is a possibility) of a collision between the first
following vehicle 11A and the host vehicle 10 in the case
where the computation processing unit 51 determines,
on the basis of the relative position and the relative ve-
locity between the first following vehicle 11A and the host
vehicle 10, that the relative distance between the first
following vehicle 11A and the host vehicle 10 has de-
creased and, as a result, the first following vehicle 11A
and the host vehicle 10 will collide before the amount of
time elapsed, from the point in time when the first follow-
ing vehicle 11A was detected, exceeds a second thresh-
old value. The second threshold value is a lower value
than the first threshold value.

[0062] Thecomputation processingunit51determines
the presence/absence of the possibility of a collision be-
tween the host vehicle 10 and the second following ve-
hicle 11B approaching the host vehicle 10 from directly
to the right of the host vehicle 10 on the basis of a de-
tection result from the second detector 32. The second
detector 32 is also capable of detecting whether or not
the second following vehicle 11B is presentin the second
detection range 32S, and the relative position (the rela-
tive distance and orientation) and the relative velocity of
the second following vehicle 11B arranged in the second
detection range 32S. The computation processing unit
51 is capable of finding the orientation of the second fol-
lowing vehicle 11B approaching the host vehicle 10 on
the basis of the detection result from the second detector
32.

[0063] Thecomputation processingunit51determines
the presence/absence of the possibility of a collision be-
tween the second following vehicle 11B and the host ve-
hicle 10 on the basis of the relative position and the rel-
ative velocity between the second following vehicle 11B
and the host vehicle 10 detected using the second de-
tector 32. For example, the computation processing unit
51 determines that there is a low possibility (there is no
possibility) of a collision between the second following
vehicle 11B and the host vehicle 10 in the case where
the computation processing unit 51 determines, on the
basis of the relative position and the relative velocity be-
tween the second following vehicle 11B and the host ve-
hicle 10, that the relative distance between the second
following vehicle 11B and the host vehicle 10 has in-
creased and, as a result, the second following vehicle
11B and the host vehicle 10 will not collide even if an
amount of time elapsed from the point in time when the
second following vehicle 11B was detected exceeds a
third threshold value. The computation processing unit
51 determines that there is a high possibility (there is a
possibility) of a collision between the second following
vehicle 11B and the host vehicle 10 in the case where
the computation processing unit 51 determines, on the
basis of the relative position and the relative velocity be-
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tween the second following vehicle 11B and the host ve-
hicle 10, that the relative distance between the second
following vehicle 11B and the host vehicle 10 has de-
creased and, as a result, the second following vehicle
11B and the host vehicle 10 will collide before the amount
of time elapsed, from the point in time when the second
following vehicle 11B was detected, exceeds a fourth
threshold value. The fourth threshold value is a lower
value than the third threshold value.

[0064] The computation processingunit51 determines
the presence/absence of the possibility of a collision be-
tween the host vehicle 10 and the third following vehicle
11C approaching the host vehicle 10 from directly to the
left of the host vehicle 10 on the basis of a detection result
from the third detector 33. The third detector 33 is also
capable of detecting whether or not the third following
vehicle 11C is present in the third detection range 33S,
and the relative position (the relative distance and orien-
tation) and the relative velocity of the third following ve-
hicle 11C arranged in the third detection range 33S. The
computation processing unit 51 is capable of finding the
orientation of the third following vehicle 11C approaching
the host vehicle 10 on the basis of the detection result
from the third detector 33.

[0065] The computation processingunit51 determines
the presence/absence of the possibility of a collision be-
tween the third following vehicle 11C and the host vehicle
10 on the basis of the relative position and the relative
velocity between the third following vehicle 11C and the
host vehicle 10 detected using the third detector 33. For
example, the computation processing unit 51 determines
that there is a low possibility (there is no possibility) of a
collision between the third following vehicle 11C and the
host vehicle 10 in the case where the computation
processing unit51 determines, on the basis of the relative
position and the relative velocity between the third fol-
lowing vehicle 11C and the host vehicle 10, that the rel-
ative distance between the third following vehicle 11C
and the host vehicle 10 has increased and, as a result,
the third following vehicle 11C and the host vehicle 10
will not collide even if an amount of time elapsed, from
the point in time when the third following vehicle 11C was
detected, exceeds a fifth threshold value. The computa-
tion processing unit 51 determines that there is a high
possibility (there is a possibility) of a collision between
the third following vehicle 11C and the host vehicle 10 in
the case where the computation processing unit 51 de-
termines, on the basis of the relative position and the
relative velocity between the third following vehicle 11C
and the host vehicle 10, that the relative distance be-
tween the third following vehicle 11C and the host vehicle
10 has decreased and, as a result, the third following
vehicle 11C and the host vehicle 10 will collide before
the amount of time elapsed, from the point in time when
the third following vehicle 11C was detected, exceeds a
sixth threshold value.

[0066] The computation processing unit 51 estimates
an amount of time from the point in time when the first
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detector 31 of the rear detection device 30 detects the
first following vehicle 11A to when the first following ve-
hicle 11A and the host vehicle 10 will collide on the basis
of the detection result from the first detector 31. The com-
putation processing unit 51 estimates an amount of time
from the pointin time when the second detector 32 of the
rear detection device 30 detects the second following
vehicle 11B to when the second following vehicle 11B
and the host vehicle 10 will collide on the basis of the
detection result from the second detector 32. The com-
putation processing unit 51 estimates an amount of time
from the point in time when the third detector 33 of the
rear detection device 30 detects the third following vehi-
cle 11C to when the third following vehicle 11C and the
host vehicle 10 will collide on the basis of the detection
result from the third detector 33.

[0067] As the estimated amount of time from the point
in time when the rear detection device 30 detects the
following vehicle 11 to when that following vehicle 11 and
the host vehicle 10 will collide decreases, the risk level
of a collision between the host vehicle 10 and the follow-
ing vehicle 11 increases. Conversely, as the estimated
amount of time from the point in time when the rear de-
tection device 30 detects the following vehicle 11 to when
that following vehicle 11 and the host vehicle 10 will col-
lide increases, the risk level of a collision between the
host vehicle 10 and the following vehicle 11 decreases.
[0068] The computation processing unit 51 outputs a
first risk level of a collision between the host vehicle 10
and the first following vehicle 11A, a second risk level of
a collision between the host vehicle 10 and the second
following vehicle 11B, and a third risk level of a collision
between the third following vehicle 11C and the host ve-
hicle 10, on the basis of the estimated amount of time
from the point in time when the first detector 31 detects
the first following vehicle 11A to when the first following
vehicle 11A and the host vehicle 10 will collide, the esti-
mated amount of time from the point in time when the
second detector 32 detects the second following vehicle
11B to when the second following vehicle 11B and the
host vehicle 10 will collide, and the estimated amount of
time from the point in time when the third detector 33
detects the third following vehicle 11C to when the third
following vehicle 11C and the host vehicle 10 will collide.
[0069] The comparison unit 52 compares the first risk
level, the second risk level, and the third risk level out-
putted from the computation processing unit 51. The
comparison unit 52 specifies, of the first following vehicle
11A, the second following vehicle 11B, and the third fol-
lowing vehicle 11C, which following vehicle 11 has the
highest possibility of a collision with the host vehicle 10
and the shortest estimated amount of time until the col-
lision with the host vehicle 10 (that is, which risk level is
highest).

[0070] The warning device control unit 53 controls the
warning device 7 on the basis of the output result from
the computation processing unit 51 such that the first
warning is generated when there is a possibility of a col-
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lision with the first following vehicle 11A, the second
warning is generated when there is a possibility of a col-
lision with the second following vehicle 11B, and the third
warning is generated when there is a possibility of a col-
lision with the third following vehicle 11C. The first warn-
ing, the second warning, and the third warning have dif-
ferent formats. The warning device 7 generates the first
warning when there is a possibility of a collision between
the host vehicle 10 and the first following vehicle 11A.
The warning device 7 generates the second warning
when there is a possibility of a collision between the host
vehicle 10 and the second following vehicle 11B. The
warning device 7 generates the third warning when there
is a possibility of a collision between the host vehicle 10
and the third following vehicle 11C.

[0071] Inthe present embodiment, the warning device
control unit 53 controls the warning device 7 on the basis
of the comparison result from the comparison unit 52
such that the first warning is generated when the first risk
level is highest, the second warning is generated when
the second risk level is highest, and the third warning is
generated when the third risk level is highest. The warn-
ing device 7 generates the first warning when the possi-
bility (the risk level) of a collision between the host vehicle
10 and thefirstfollowing vehicle 11Ais highest. The warn-
ing device 7 generates the second warning when the
possibility (the risk level) of a collision between the host
vehicle 10 and the second following vehicle 11B is high-
est. The warning device 7 generates the third warning
when the possibility (the risk level) of a collision between
the host vehicle 10 and the third following vehicle 11C is
highest.

[0072] The selection unit 54 selects, from a space di-
rectly in front of the host vehicle 10, a space to the front-
right of the host vehicle 10, and a space to the front-left
of the host vehicle 10, a space in which no object is
present, on the basis of the detection results from the
rear detection device 30 and the front detection device
40. For example, in the case where the detection result
from the front detection device 40 indicates that a leading
vehicle is present straight in front of the host vehicle 10
and another leading vehicle is present to the front-right
of the host vehicle 10 but no leading vehicle is present
to the front-left of the host vehicle 10, the space to the
front-left of the host vehicle 10 is a space in which no
objectis present. Inthis case, the selection unit 54 selects
the space to the front-left of the host vehicle 10 from the
space directly in front of the host vehicle 10, the space
to the front-right of the host vehicle 10, and the space to
the front-left of the host vehicle 10.

[0073] The driving control unit 55 controls the driving
apparatus 12 so as to guide the host vehicle 10 into the
space selected by the selection unit 54 (into the space
to the front-left of the host vehicle 10, for example). The
driving control unit 55 functions as a guidance unit that
guides the host vehicle 10 into the space selected by the
selection unit 54. In the present embodiment, the driving
control unit 55 controls the steering apparatus 16 of the
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driving apparatus 12 such that the host vehicle 10 ad-
vances into the space selected by the selection unit 54.
The driving apparatus 12 has an actuator that drives the
steering apparatus 16. The driving control unit 55 guides
the host vehicle 10 into the space selected by the selec-
tion unit 54 by controlling the actuator so as to control
the steering apparatus 16. The control of the driving ap-
paratus 12 (the steering apparatus 16) by the actuator
takes priority over the operation of the steering operation
unit 20 by the driver. For example, even if the steering
operation unit 20 is operated to cause the host vehicle
10 to travel in the straight traveling state, the driving con-
trol unit 55 controls the driving apparatus 12 such that
the host vehicle 10 moves into the space selected by the
selection unit 54. Note thatin the case where the steering
operation unit 20 is being operated to cause the host
vehicle 10 to move into the space selected by the selec-
tion unit 54, the driving control unit 55 may control the
driving apparatus 12 (the actuator) to assist the move-
ment of the host vehicle 10 into the space selected by
the selection unit 54.

[0074] Note thatthe warningdevice control unit53 may
function as a guidance unit that guides the host vehicle
10 into the space selected by the selection unit 54. The
warning device control unit 53 may control the internal
warning device 71 arranged within the host vehicle 10
and use the internal warning device 71 to instruct the
driver of a target advancement direction for the host ve-
hicle 10 such that the host vehicle 10 moves into the
space selected by the selection unit 54. The warning de-
vice control unit 53 causes the internal warning device
71tofunction as aninstruction output unitthatis arranged
within the host vehicle 10 and instructs the driver of the
target advancement direction of the host vehicle 10. The
host vehicle 10 moves into the space selected by the
selection unit 54 as a result of the driver operating the
steering operation unit 20 such that the host vehicle 10
moves in the target advancement direction instructed by
the internal warning device 71.

[0075] The rear detection device control unit 56 con-
trols the rear detection device 30. In the present embod-
iment, the rear detection device control unit 56 is capable
of switching each of the first detector 31, the second de-
tector 32, and the third detector 33 from an active state
to an inactive state and vice versa. The active state of
the first detector 31 includes a state in which an object
can be detected by the first detector 31, and includes a
state in which radio waves (or ultrasonic waves) are emit-
ted from the emitter of the first detector 31. The inactive
state of the first detector 31 includes a state in which an
object cannot be detected by the first detector 31, and
includes a state in which radio waves (or ultrasonic
waves) are not emitted from the emitter of the first de-
tector 31. The active state of the second detector 32 and
the active state of the third detector 33 are the same as
the active state of the first detector 31. The inactive state
of the second detector 32 and the inactive state of the
third detector 33 are the same as the inactive state of the
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first detector 31. The rear detection device control unit
56 is capable of switching the first detector 31 from the
active state to the inactive state and vice versa. The rear
detection device control unit 56 is capable of switching
the second detector 32 from the active state to the inac-
tive state and vice versa. The rear detection device con-
trol unit 56 is capable of switching the third detector 33
from the active state to the inactive state and vice versa.
[0076] The cancellation unit 57 cancels the operation
signal outputted from the direction indicator operation
unit 22. In the present embodiment, the cancellation unit
57 cancels the operation signal outputted from the direc-
tion indicator operation unit 22 by outputting a cancella-
tion signal. For example, when the host vehicle 10 chang-
es lanesto the lane to the immediate left thereof (or when
the host vehicle 10 turns left), the driver operates the
direction indicator operation unit 22 such that the left di-
rection indicators 18 are activated. Thereafter, the steer-
ing operation unit 20 is operated such that the host ve-
hicle 10 changes from a straight traveling state to a non-
straight traveling state to the left. As a result, the ad-
vancement direction of the host vehicle 10 changes to
the left. After the host vehicle 10 has finished changing
lanes to the lane to the immediate left thereof (or after
the host vehicle 10 has finished turning left), the steering
operation unit 20 is operated such that the host vehicle
10 changes from the non-straight traveling state to the
left to the straight traveling state. When the host vehicle
10 has changed from the non-straight traveling state to
the straight traveling state (when the steering operation
unit 20 has been returned to a neutral position), the op-
eration signal that had been outputted from the direction
indicator operation unit 22 is canceled by the cancellation
signal outputted from the cancellation unit 57. As aresult,
the direction indicators 18 are deactivated and the direc-
tion indicator operation unit 22 returns to the neutral po-
sition. The same applies when the host vehicle 10 chang-
es lanes to the lane to the immediate right thereof (or
when the host vehicle 10 turns right).

[0077] Next, anexample of a collision avoidance meth-
od according to the present embodiment will be de-
scribed with reference to FIG. 5. FIG. 5 is a flowchart
illustrating an example of the collision avoidance method
according to the present embodiment.

[0078] The host vehicle 10 travels forward. The rear
detection device 30 arranged in the host vehicle 10 de-
tects the first following vehicle 11A directly behind the
host vehicle 10, the second following vehicle 11B to the
rear-right of the host vehicle 10, and the third following
vehicle 11C to the rear-left of the host vehicle 10 in a
non-contact manner (step SA1).

[0079] Onthe basis of the detection result from the rear
detection device 30, the computation processing unit 51
determines the presence/absence of the possibility of a
collision between the host vehicle 10 and the first follow-
ing vehicle 11A approaching the host vehicle 10 from
directly behind, the presence/absence of the possibility
of a collision between the host vehicle 10 and the second
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following vehicle 11B approaching the host vehicle 10
from the rear-right, and the presence/absence of the pos-
sibility of a collision between the host vehicle 10 and the
third following vehicle 11C approaching the host vehicle
10 from the rear-left.

[0080] The presence/absence of the possibility of a col-
lision between the first following vehicle 11A and the host
vehicle 10 is determined (step SA2).

[0081] In the case where it is determined that there is
no possibility of a collision between the first following ve-
hicle 11A and the host vehicle 10 (NO in step SA2), the
presence/absence of the possibility of a collision between
the second following vehicle 11B and the host vehicle 10
is determined (step SA3).

[0082] In the case where it is determined that there is
no possibility of a collision between the second following
vehicle 11B and the host vehicle 10 (NO in step SA3),
the presence/absence of the possibility of a collision be-
tween the third following vehicle 11C and the host vehicle
10 is determined (step SA4).

[0083] In the case where it is determined that there is
no possibility of a collision between the third following
vehicle 11C and the host vehicle 10 (NO in step SA4),
the process returns to step SA1 and the detection by the
rear detection device 30 is continued.

[0084] In the case where it is determined that there is
the possibility of a collision between the first following
vehicle 11A and the host vehicle 10 (YES in step SA2),
the warning device control unit 53 generates the first
warning using the warning device 7 arranged in the host
vehicle 10 (step SA5).

[0085] FIG. 6is a schematic diagram illustrating an ex-
ample of a state in which the relative distance between
the first following vehicle 11A and the host vehicle 10 has
decreased and the possibility (the risk level) of a collision
between the first following vehicle 11A and the host ve-
hicle 10 has increased. In the state illustrated in FIG. 6,
the warning device 7 generates the first warning.
[0086] FIG. 7 is a schematic diagram illustrating an ex-
ample of a state in which the internal warning device 71
generates the first warning. The warning generated by
the internal warning device 71 includes sound, an image,
or both. As illustrated in FIG. 7, the internal warning de-
vice 71 includes a display unit that displays animage and
a sound emitter that generates a sound. In the example
illustrated in FIG. 7, the driver of the host vehicle 10 is
warned of the first following vehicle 11A directly behind
the host vehicle 10 approaching the host vehicle 10, and
the possibility (the risk level) of a collision between the
first following vehicle 11A and the host vehicle 10 having
increased, using image data including an arrow. A voice
saying "danger directly behind" is also outputted.
[0087] FIG. 8is aschematic diagram illustrating an ex-
ample of a state in which the external warning device 72
generates the first warning. The warning generated by
the external warning device 72 includes sound, animage,
or both. As illustrated in FIG. 8, the external warning de-
vice 72 includes a display unit that displays animage and
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a sound emitter that generates a sound. In the example
illustrated in FIG. 8, the driver of the first following vehicle
11A is warned of the first following vehicle 11A directly
behind the host vehicle 10 approaching the host vehicle
10, and the possibility (the risk level) of a collision be-
tween the first following vehicle 11A and the host vehicle
10 having increased, using an image. The display unit of
the external warning device 72 that generates the first
warning is arranged in the central part of the rear part
14R of the vehicle body 14 of the host vehicle 10 so as
tobe easily visible to the driver of the first following vehicle
11A. The external warning device 72 may also generate
a warning for the driver of the first following vehicle 11A
by outputting a voice saying "danger directly behind".
[0088] In the case where it is determined that there is
the possibility of a collision between the second following
vehicle 11B and the host vehicle 10 (YES in step SA3),
the warning device control unit 53 generates the second
warning using the warning device 7 arranged in the host
vehicle 10 (step SAB).

[0089] FIG.9is aschematic diagramiillustrating an ex-
ample of a state in which the relative distance between
the second following vehicle 11B and the host vehicle 10
has decreased and the possibility (the risk level) of a
collision between the second following vehicle 11B and
the host vehicle 10 has increased. In the state illustrated
in FIG. 9, the warning device 7 generates the second
warning.

[0090] FIG. 10 is a schematic diagram illustrating an
example of a state in which the internal warning device
71 generates the second warning. The warning generat-
ed by the internal warning device 71 includes sound, an
image, or both. Asillustrated in FIG. 10, the internal warn-
ing device 71 includes a display unit that displays an im-
age and a sound emitter that generates a sound. In the
example illustrated in FIG. 10, the driver of the host ve-
hicle 10 is warned of the second following vehicle 11B
to the rear-right of the host vehicle 10 approaching the
host vehicle 10, and the possibility (the risk level) of a
collision between the second following vehicle 11B and
the host vehicle 10 having increased, using image data
including an arrow. A voice saying "danger to the rear-
right" is also outputted.

[0091] FIG. 11 is a schematic diagram illustrating an
example of a state in which the external warning device
72 generates the second warning. The warning generat-
ed by the external warning device 72 includes sound, an
image, or both. As illustrated in FIG. 11, the external
warning device 72 includes a display unit that displays
an image and a sound emitter that generates a sound.
In the example illustrated in FIG. 11, the driver of the
second following vehicle 11B is warned of the second
following vehicle 11B to the rear-right of the host vehicle
10 approaching the host vehicle 10, and the possibility
(the risk level) of a collision between the second following
vehicle 11B and the host vehicle 10 having increased,
using an image. The display unit of the external warning
device 72 that generates the second warning is arranged
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in the right part of the rear part 14R of the vehicle body
14 of the host vehicle 10 so as to be easily visible to the
driver of the second following vehicle 11B. The external
warning device 72 may also generate a warning for the
driver of the second following vehicle 11B by outputting
a voice saying "danger to the rear-right".

[0092] In the case where it is determined that there is
the possibility of a collision between the third following
vehicle 11C and the host vehicle 10 (YES in step SA4),
the warning device control unit 53 generates the third
warning using the warning device 7 arranged in the host
vehicle 10 (step SA7).

[0093] FIG. 12 is a schematic diagram illustrating an
example of a state in which the relative distance between
the third following vehicle 11C and the host vehicle 10
has decreased and the possibility (the risk level) of a
collision between the third following vehicle 11C and the
host vehicle 10 has increased. In the state illustrated in
FIG. 12, the warning device 7 generates the third warn-
ing.

[0094] FIG. 13 is a schematic diagram illustrating an
example of a state in which the internal warning device
71 generates the third warning. The warning generated
by the internal warning device 71 includes sound, an im-
age, or both. Asiillustrated in FIG. 13, the internal warning
device 71 includes a display unit that displays an image
and a sound emitter that generates a sound. In the ex-
ample illustrated in FIG. 13, the driver of the host vehicle
10is warned of the third following vehicle 11C to the rear-
left of the host vehicle 10 approaching the host vehicle
10, and the possibility (the risk level) of a collision be-
tween the third following vehicle 11C and the host vehicle
10 having increased, using image data including an ar-
row. A voice saying "danger to the rear-left" is also out-
putted.

[0095] FIG. 14 is a schematic diagram illustrating an
example of a state in which the external warning device
72 generates the third warning. The warning generated
by the external warning device 72 includes sound, an
image, or both. As illustrated in FIG. 14, the external
warning device 72 includes a display unit that displays
an image and a sound emitter that generates a sound.
Inthe example illustratedin FIG. 14, the driver of the third
following vehicle 11C is warned of the third following ve-
hicle 11C to the rear-left of the host vehicle 10 approach-
ing the host vehicle 10, and the possibility (the risk level)
of a collision between the third following vehicle 11C and
the host vehicle 10 having increased, using an image.
The display unit of the external warning device 72 that
generates the third warning is arranged in the left part of
the rear part 14R of the vehicle body 14 of the host vehicle
10 so as to be easily visible to the driver of the third fol-
lowing vehicle 11C. The external warning device 72 may
also generate awarning for the driver of the third following
vehicle 11C by outputting a voice saying "danger to the
rear-left".

[0096] As illustrated in FIGS. 7, 10, and 13, a screen
design of the display unit of the internal warning device
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71 that generates the first warning, a screen design of
the display unit of the internal warning device 71 that
generates the second warning, and a screen design of
the display unit of the internal warning device 71 that
generates the third warning are different. Additionally,
the content of the voice emitted by the sound emitter of
the internal warning device 71 that generates the first
warning, the content of the voice emitted by the sound
emitter of the internal warning device 71 that generates
the second warning, and the content of the voice emitted
by the sound emitter of the internal warning device 71
that generates the third warning are different.

[0097] As illustrated in FIGS. 8, 11, and 14, a position
(or a screen design) of the display unit of the external
warning device 72 that generates the first warning, a po-
sition (or a screen design) of the display unit of the ex-
ternal warning device 72 that generates the second warn-
ing, and a position (or a screen design) of the display unit
of the external warning device 72 that generates the third
warning are different. Additionally, the content of the
voice emitted by the sound emitter of the external warning
device 72 that generates the first warning, the content of
the voice emitted by the sound emitter of the external
warning device 72 that generates the second warning,
and the content of the voice emitted by the sound emitter
of the external warning device 72 that generates the third
warning are different.

[0098] Note that in the present embodiment, in the
case where it is determined that there is a possibility that
all of the first following vehicle 11A, the second following
vehicle 11B, and the third following vehicle 11C will col-
lide with the host vehicle 10, the computation processing
unit 51 estimates a first amount of time, a second amount
of time, and a third amount of time. The first amount of
time is an amount of time from the point in time when the
rear detection device 30 detects the first following vehicle
11A to when the first following vehicle 11A and the host
vehicle 10 will collide. The second amount of time is an
amount of time from the point in time when the rear de-
tection device 30 detects the second following vehicle
11B to when the second following vehicle 11B and the
host vehicle 10 will collide. The third amount of time is
an amount of time from the point in time when the rear
detection device 30 detects the third following vehicle
11C to when the third following vehicle 11C and the host
vehicle 10 will collide. The computation processing unit
51 outputs the first risk level of a collision between the
host vehicle 10 and the first following vehicle 11A, the
second risk level of a collision between the host vehicle
10 and the second following vehicle 11B, and the third
risk level of a collision between the host vehicle 10 and
the third following vehicle 11C on the basis of the esti-
mated first amount of time, second amount of time, and
third amount of time. The comparison unit 52 compares
the first risk level, the second risk level, and the third risk
level outputted from the computation processing unit 51
and ranks the risk levels. On the basis of the comparison
result from the comparison unit 52, the warning device 7
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generates the first warning as illustrated in FIGS. 7 and
8 when the first risk level is the highest, generates the
second warning as illustrated in FIGS. 10 and 11 when
the second risk level is the highest, and generates the
third warning as illustrated in FIGS. 13 and 14 when the
third risk level is the highest.

[0099] In the case where there is the possibility of a
collision between a following vehicle 11 and the host ve-
hicle 10, an object directly in front of the host vehicle 10,
an object to the front-right of the host vehicle 10, and an
object to the front-left of the host vehicle 10 are detected
in a non-contact manner by the front detection device 40
arranged in the host vehicle 10. The selection unit 54
selects, from the space directly in front, the space to the
front-right, and the space to the front-left, a space in which
no object is present, on the basis of the detection result
from the front detection device 40 (step SA8).

[0100] FIG. 15 is a diagram illustrating an example of
a state in which the possibility of a collision between the
third following vehicle 11C and the host vehicle 10 is high,
and there are no objects in the space to the front-right of
the host vehicle 10 and in the space to the front-left of
the host vehicle 10. In the example illustrated in FIG. 15,
a leading vehicle 13 (object) is present in the space di-
rectly in front of the host vehicle 10. However, there is
no leading vehicle 13 (object) in the space to the front-
right and the space to the front-left of the host vehicle 10.
[0101] Inthe present embodiment, the host vehicle 10
is guided to a space, among the space directly in front,
the space to the front-right, and the space to the front-
left, in which no object is present (step SA9). As a result,
the host vehicle 10 can escape from the following vehicle
11 and avoid a collision with the following vehicle 11 while
also avoiding a collision with the leading vehicle 13.
[0102] In the example illustrated in FIG. 15, the host
vehicle 10 is moved to the space to the front-right or the
space to the front-left. In the case where the host vehicle
10 has moved to the space to the front-right, the host
vehicle 10 cannot completely escape from the third fol-
lowing vehicle 11C, which is moving to the front-right.
Accordingly, in the example illustrated in FIG. 15, the
selection unit 54 selects, from the space to the front-right
and the space to the front-left in which there are no ob-
jects, the space to the front-left, in which the host vehicle
10 can completely escape from the third following vehicle
11C, on the basis of the detection results from the rear
detection device 30 and the front detection device 40.
[0103] The host vehicle 10 is guided to the space to
the front-left, which has been selected by the selection
unit 54. The guidance unit is arranged within the host
vehicle 10. The guidance unit includes the internal warn-
ing device 71 and the warning device control unit 53. The
internalwarning device 71 instructs the driver ofthe target
advancement direction of the host vehicle 10 such that
the host vehicle 10 moves into the space to the front-left.
The warning device control unit 53 controls the internal
warning device 71. The host vehicle 10 can move into
the space to the front-left smoothly in response to the
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driver operating the steering operation unit 20 on the ba-
sis of the instruction outputted from the internal warning
device 71. Additionally, in the present embodiment, the
guidance unitincludes the driving control unit 55 that con-
trols the driving apparatus 12 of the host vehicle 10. The
driving control unit 55 may control the driving apparatus
12 (the steering apparatus 16) such that the host vehicle
10 moves into the space to the front-left, or may assist
the driver’s operation of the steering operation unit 20 by
controlling the driving apparatus 12.

[0104] As described thus far, according to the present
embodiment, the presence/absence of the possibility of
acollision with the firstfollowing vehicle 11A approaching
the host vehicle 10 from directly behind, the presence/ab-
sence of the possibility of a collision with the second fol-
lowing vehicle 11B approaching the host vehicle 10 from
the rear-right, and the presence/absence of the possibil-
ity of a collision with the third following vehicle 11C ap-
proaching the host vehicle 10 from the rear-left are out-
putted. Accordingly, the orientation of a following vehicle
11 with which there is a possibility that the host vehicle
10 will collide is understood correctly. Additionally, ac-
cording to the present embodiment, at least one of the
first warning, the second warning, and the third warning,
which have different formats, is generated on the basis
of the output result regarding the presence/absence of
the possibility of a collision. Accordingly, a warning suit-
able for collision avoidance is generated, and the gener-
ation of unnecessary warnings is suppressed. As such,
proper measures for collision avoidance are taken on the
basis of that warning.

[0105] For example, in the case where it has been de-
termined that there is the possibility of a collision with the
first following vehicle 11A, the first following vehicle 11A
can be cautioned by the warning device 7 (the external
warning device 72) generating the first warning for the
first following vehicle 11A. As aresult, a collision between
the host vehicle 10 and the first following vehicle 11A can
be prevented. In the case where it has been determined
that there is no possibility of a collision (a low possibility
of a collision) with the second following vehicle 11B and
the third following vehicle 11C, the second warning is not
generated for the second following vehicle 11B and the
third warning is not generated for the third following ve-
hicle 11C. The warnings are not generated for the second
following vehicle 11B and the third following vehicle 11C,
with which there is no possibility of a collision, and thus
the generation of unnecessary warnings is suppressed.
Accordingly, the drivers of the second following vehicle
11B and the third following vehicle 11C can carry out
driving operations smoothly.

[0106] Meanwhile, in the case where it has been de-
termined that there is the possibility of a collision with the
first following vehicle 11A, the driver of the host vehicle
10 can be cautioned by the warning device 7 (the internal
warning device 71) generating the first warning for the
driver of the host vehicle 10. In the case where it has
been determined that there is no possibility of a collision
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(a low possibility of a collision) with the second following
vehicle 11B and the third following vehicle 11C, the sec-
ond warning and the third warning are not generated for
the driver of the host vehicle 10. The second warning and
the third warning are not generated, and thus the gener-
ation of unnecessary warnings is suppressed. Accord-
ingly, the driver of the host vehicle 10 can carry out ap-
propriate driving operations for avoiding a collision with
the first following vehicle 11A. As a result, a collision be-
tween the host vehicle 10 and the first following vehicle
11A can be prevented.

[0107] According to the present embodiment, the first
amount of time from the point in time when the rear de-
tection device 30 detects the first following vehicle 11A
to when the first following vehicle 11A and the host ve-
hicle 10 will collide, the second amount of time from the
point in time when the rear detection device 30 detects
the second following vehicle 11B to when the second
following vehicle 11B and the host vehicle 10 will collide,
and the third amount of time from the point in time when
the rear detection device 30 detects the third following
vehicle 11C to when the third following vehicle 11C and
the host vehicle 10 will collide, are each estimated. Then,
the first risk level of a collision between the host vehicle
10 and the first following vehicle 11A, the second risk
level of a collision between the host vehicle 10 and the
second following vehicle 11B, and the third risk level of
a collision between the third following vehicle 11C and
the host vehicle 10, are outputted on the basis of those
estimation results. The first warning is generated when
the first risk level is the highest, the second warning is
generated when the second risk level is the highest, and
the third risk level is generated when the third risk level
is the highest. In the case where the first following vehicle
11A, the second following vehicle 11B, and the third fol-
lowing vehicle 11C have been detected by the rear de-
tection device 30, the following vehicle 11 that, of the first
following vehicle 11A, the second following vehicle 11B,
and the third following vehicle 11C, has the highest pos-
sibility of a collision with the host vehicle 10 (that is, has
the highest risk level), is selected, and a warning is gen-
erated for that following vehicle 11. Accordingly, a colli-
sion between the host vehicle 10 and the following vehicle
11 is prevented while also suppressing the generation of
unnecessary warnings.

[0108] Accordingtothe presentembodiment, an object
directly in front of the host vehicle 10, an object to the
front-right of the host vehicle 10, and an object to the
front-left of the host vehicle 10 are detected by the front
detection device 40 in a non-contact manner. When it
has been determined that the host vehicle 10 will be col-
lided with afollowing vehicle 11 approaching from a given
direction on the basis of the detection result from the rear
detection device 30, the host vehicle 10 is guided to a
space, of the space directly in front, the space to the front-
right, and the space to the front-left, in which there is no
object, on the basis of the detection result from the front
detection device 40. As a result, a collision between the
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host vehicle 10 and the following vehicle 11 can be pre-
vented.

[0109] According tothe presentembodiment, the guid-
ance unitthat guides the host vehicle 10 to a space where
there is no object includes at least one of the instruction
output unit (warning device output unit) 53 and the driving
control unit 55. The instruction output unit 53 is arranged
within the host vehicle 10 and instructs the driver of the
target advancement direction of the host vehicle 10. The
driving control unit 55 controls the driving apparatus 12
of the host vehicle 10. As a result, the host vehicle 10 is
smoothly guided to a forward space in which there is no
object. Because the guidance unitincludes an output unit
(the display unit or the sound emitter) arranged within
the vehicle, the driver can operate the steering operation
unit 20 in accordance with the instruction outputted from
that output unit and move the host vehicle 10 into the
forward space in which there is no object. Because the
guidance unitincludes the driving control unit 55, the host
vehicle 10 can move into the forward space in which there
is no object under the control of the driving control unit 55.
[0110] According to the present embodiment, the
warning generated by the warning device 7 includes
sound, an image, or both. Generating the warning using
sound makes it possible for the driver of the following
vehicle 11 or the driver of the host vehicle 10 to under-
stand the details of the warning auditorily. Generating
the warning using an image makes it possible for the
driver of the following vehicle 11 or the driver of the host
vehicle 10 to understand the details of the warning visu-
ally.

Second Embodiment

[0111] A second embodiment will now be described.
In the following descriptions, constituent elements iden-
tical to those in the above-described embodiment will be
given the same reference signs, and descriptions thereof
will be simplified or omitted.

[0112] FIG. 16 is a flowchart illustrating an example of
the collision avoidance method according to the present
embodiment. FIG. 17 is a diagram schematically illus-
trating an example of operations performed by the host
vehicle 10. Asillustrated in FIG. 16, when the host vehicle
10 is in a straight traveling state in a center lane 100A,
the rear detection device control unit 56 controls the rear
detection device 30 such that the first detector 31 is in
an active state, the second detector 32 is in an inactive
state, and the third detector 33 is in an inactive state (step
SB1).

[0113] Forexample, inthe case where the host vehicle
10 changes lanes to an immediate right lane 100B, the
driver of the host vehicle 10 operates the direction indi-
cator operation unit 22 (step SB2). In the case where the
host vehicle 10 changes lanes from the lane 100A to the
lane 100B, the direction indicator operation unit 22 is op-
erated such that the direction indicators 18 on the right
part of the host vehicle 10 are activated. The direction
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indicator operation unit 22 generates an operation signal
in response to the direction indicator operation unit 22
being operated. The operation signal generated by the
direction indicator operation unit 22 is outputted to the
rear detection device control unit 56.

[0114] Additionally, the driver of the host vehicle 10
operates the steering operation unit 20 such that the host
vehicle 10 changes lanes from the lane 100A to the lane
100B (step SB3). The steering operation unit 20 gener-
ates an operation signal in response to the steering op-
eration unit 20 being operated. The operation signal gen-
erated by the steering operation unit 20 includes opera-
tion amount data indicating the operation amount of the
steering operation unit 20. The operation signal gener-
ated by the steering operation unit 20 is outputted to the
rear detection device control unit 56.

[0115] FIG. 18 is a schematic diagram illustrating an
example of the state of the host vehicle 10 after the di-
rection indicator operation unit 22 has been operated. As
illustrated in FIG. 18, the rear detection device control
unit 56 switches the second detector 32 in an inactive
state to an active state on the basis of the operation signal
outputted from the direction indicator operation unit 22.
As aresult, when the host vehicle 10 changes lanes from
the lane 100A to the lane 100B, the presence/absence
of an object (the second following vehicle 11B) to the
rear-right of the host vehicle 10 is detected.

[0116] For example, in the case where the second fol-
lowing vehicle 11B in the lane 100B has been detected
by the second detector 32, the warning device 7 is acti-
vated. The second following vehicle 11B is cautioned by
the external warning device 72 being activated. The driv-
er of the host vehicle 10 is cautioned by the internal warn-
ing device 71 being activated. The driver may cancel the
lane change from the lane 100A to the lane 100B, for
example.

[0117] Note that when the steering operation unit 20
is operated such that the host vehicle 10 changes lanes
from the lane 100A to the lane 100B, the rear detection
device control unit 56 may, on the basis of the operation
amount of the steering operation unit 20, determine that
the host vehicle 10 in a straight traveling state has
changed from the straight traveling state to a non-straight
traveling state in order to change lanes, and may switch
the second detector 32 in the inactive state to the active
state. As a result of this too, when the host vehicle 10
changes lanes from the lane 100A to the lane 100B, the
presence/absence of an object (the second following ve-
hicle 11B) to the rear-right of the host vehicle 10 is de-
tected.

[0118] The host vehicle 10 that was in the straight
traveling state changes to the non-straight traveling state
in order to carry out the lane change (step SB4). As a
result, the host vehicle 10 completes the lane change
from the lane 100A to the lane 100B. After the lane
change is complete, the driver of the host vehicle 10 op-
erates the steering operation unit 20 such that the host
vehicle 10 changes from the non-straight traveling state
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to the straight traveling state. As a result, as illustrated
in FIG. 19, the host vehicle 10 travels in the straight
traveling state in the lane 100B (step SB5).

[0119] Whenthe lane change is complete and the host
vehicle 10 has changed from the non-straight traveling
state to the straight traveling state, the cancellation unit
57 outputs the cancellation signal that cancels the oper-
ation signal outputted from the direction indicator oper-
ation unit 22. As a result, the direction indicators 18 are
deactivated and the direction indicator operation unit 22
is returned to the neutral position.

[0120] In the present embodiment, the rear detection
device control unit 56 switches the second detector 32
in the active state to the inactive state on the basis of the
cancellation signal outputted from the cancellation unit
57. The rear detection device control unit 56 keeps the
first detector 31 in the active state both before the oper-
ation signal from the direction indicator operation unit 22
is outputted and after the cancellation signal from the
cancellation unit 57 has been outputted. In other words,
the first detector 31 remains active in both the straight
traveling state and the non-straight traveling state. On
the other hand, the second detector 32 is in the active
state in a period when the host vehicle 10 travels in the
non-straight traveling state in order to make the lane
change, but is in the inactive state in a period when the
host vehicle 10 travels in the straight traveling state. As
a result, as illustrated in FIG. 19, in the lane 100B, the
first detector 31 in the straight traveling state of the host
vehicle 10 is in the active state, and the second detector
32 and the third detector 33 are in the inactive state.
[0121] Note that when the host vehicle 10 makes a
lane change, the steering operation unit 20 is operated
such that the host vehicle 10 changes from the non-
straight traveling state to the straight traveling state. The
rear detection device control unit 56 may determine that
the host vehicle 10 has changed from the non-straight
traveling state to the straight traveling state (that the lane
change is complete) on the basis of the operation amount
of the steering operation unit 20 and switch the second
detector 32 from the active state to the inactive state.
[0122] The rear detection device control unit 56 keeps
the first detector 10 in the active state both before the
host vehicle 10 changes from the straight traveling state
to the non-straight traveling state and after the host ve-
hicle 10 has changed from the non-straight traveling state
to the straight traveling state. The first detector 31 re-
mains active in both the straight traveling state and the
non-straight traveling state. The second detector 32 is in
the active state in a period when the host vehicle 10 trav-
els in the non-straight traveling state in order to make the
lane change, but is in the inactive state in a period when
the host vehicle 10 travels in the straight traveling state.
[0123] The foregoing has described a case where the
host vehicle 10 turns (changes lanes) to the right. The
same also applies in the case where the host vehicle 10
turns (changes lanes) to the left. When the host vehicle
10 is in the straight traveling state, the first detector 31
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is in the active state, and the second detector 32 and the
third detector 33 are in the inactive state. When the host
vehicle 10 turns to the left and travels in the non-straight
traveling state in order to change lanes from the lane
100A to an immediate left lane 100C, the first detector
31 and the third detector 33 are in the active state and
the second detector 32 is in the inactive state. As a result
of the direction indicator operation unit 22 being operated
when the host vehicle 10 changes lanes from the lane
100A to the immediate left lane 100C, the rear detection
device control unit 56 switches the third detector 33 in
the inactive state to the active state on the basis of the
operation signal outputted from the direction indicator op-
eration unit 22. Additionally, as a result of the steering
operation unit 20 being operated when the host vehicle
10 changes lanes from the lane 100A to the immediate
left lane 100C, the rear detection device control unit 56
switches the third detector 33 in the inactive state to the
active state on the basis of the operation amount of the
steering operation unit 20.

[0124] Because the third detector 33 is switched from
the inactive state to the active state, when the host vehicle
10 changes lanes from the lane 100A to the lane 100C,
the presence/absence of an object (the third following
vehicle 11C) to the rear-left of the host vehicle 10 is de-
tected. For example, in the case where the third following
vehicle 11C in the lane 100C has been detected by the
third detector 33, the warning device 7 is activated. The
third following vehicle 11C is cautioned by the external
warning device 72 being activated. The driver of the host
vehicle 10 is cautioned by the internal warning device 71
being activated. The driver may cancel the lane change
from the lane 100A to the lane 100C, for example.
[0125] After the lane change from the lane 100A to the
lane 100C is complete, the driver of the host vehicle 10
operates the steering operation unit 20 such that the host
vehicle 10 changes from the non-straight traveling state
to the straight traveling state. As a result, the host vehicle
10 travels in the straight traveling state in the lane 100C.
Additionally, when the lane change is complete and the
host vehicle 10 has changed from the non-straight
traveling state to the straight traveling state, the cancel-
lation unit 57 outputs the cancellation signal that cancels
the operation signal outputted from the direction indicator
operation unit 22. As a result, the direction indicators 18
are deactivated and the direction indicator operation unit
22 is returned to the neutral position. In the lane 100C,
the first detector 31 in the straight traveling state of the
host vehicle 10 is in the active state, and the second
detector 32 and the third detector 33 are in the inactive
state.

[0126] As described thus far, according to the present
embodiment, at least one of the second detector 32 and
the third detector 33, which are in the inactive state, is
switched to the active state on the basis of the operation
signal outputted from the direction indicator operation
unit 22. As aresult, the generation of unnecessary warn-
ings can be suppressed.
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[0127] Inthecase wherethe hostvehicle 10istraveling
in the straight traveling state in the lane 100A on a road
having a plurality of lanes (100A, 100B, and 100C), there
is a possibility of a collision with the first following vehicle
11A directly behind, but there is only a low possibility of
a collision with the second following vehicle 11B to the
rear-right, which travels in the lane 100B, and with the
third following vehicle 11C to the rear-left, which travels
in the lane 100C. If, when the host vehicle 10 is in the
straight traveling state, the second detector 32 and the
third detector 33 are put in the active state in addition to
the first detector 31, the second detector 32 will detect
the second following vehicle 11B traveling in the imme-
diate right lane 100B and the third detector 33 will detect
the third following vehicle 11C traveling in the immediate
left lane 100C. In a situation where the host vehicle 10
is traveling in the straight traveling state, the second fol-
lowing vehicle 11B is traveling in the straight traveling
state in the immediate right lane 100B, and the third fol-
lowing vehicle 11C is traveling in the straight traveling
state in the immediate left lane 100C, the possibility of a
collision between the host vehicle 10 and the second
following vehicle 11B, and between the host vehicle 10
and the third following vehicle 11C, is low. Despite the
possibility of a collision being low, the second warning
will be generated if the second following vehicle 11B is
presentin the second detection range 32S of the second
detector 32, and the third warning will be generated if the
third following vehicle 11C is presentin the third detection
range 33S of the third detector 33. The second warning
and the third warning are unnecessary warnings in this
case. A state where the direction indicator operation unit
22 is not being operated includes the host vehicle 10
being in the straight traveling state. Setting the second
detector 32 and the third detector 33 to the inactive state
in a state where the direction indicator operation unit 22
is not being operated suppresses the generation of un-
necessary warnings. On the other hand, in the case
where the host vehicle 10 changes lanes to the immedi-
ate right lane 100B or the immediate left lane 100C, the
possibility of a collision with the second following vehicle
11B traveling in the immediate right lane 100B or with
the third following vehicle 11C traveling in the immediate
left lane 100C increases. In the case where the host ve-
hicle 10 changes lanes to the immediate right lane 100B
or the immediate left lane 100C, the direction indicator
operation unit 22 is operated. In the case where the host
vehicle 10 changes lanes to the immediate right lane
100B, the direction indicator operation unit 22 is operated
such that the direction indicators 18 on the right are ac-
tivated. By switching the second detector 32 in the inac-
tive state from the inactive state to the active state on the
basis of the operation signal, the second following vehicle
11B in the immediate right lane 100B can be detected
using the second detector 32. In the case where the host
vehicle 10 changeslanesto the immediate leftlane 100C,
the direction indicator operation unit 22 is operated such
that the direction indicators 18 on the left are activated.
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By switching the third detector 33 in the inactive state
from the inactive state to the active state on the basis of
the operation signal, the third following vehicle 11C in
the immediate left lane 100C can be detected using the
third detector 33. As a result, in the case where the host
vehicle 10 changes lanes to the immediate right lane
100B, a collision between the host vehicle 10 and the
second following vehicle 11B can be prevented. In the
case where the host vehicle 10 changes lanes to the
immediate left lane 100C, a collision between the host
vehicle 10 and the third following vehicle 11C can be
prevented.

[0128] In the present embodiment, when the host ve-
hicle 10 changes from the non-straight traveling state to
the straight traveling state, the operation signal outputted
from the direction indicator operation unit 22 is canceled.
When the operation signal is canceled, at least one of
the second detector 32 and the third detector 33, which
are in the active state, is switched to the inactive state.
As a result, the generation of unnecessary warnings can
be suppressed.

[0129] When the host vehicle 10 changes lanes to the
immediate right lane 100B, the host vehicle 10 moves
into the immediate right lane 100B as a result of the steer-
ing operation unit 20 being operated such that the host
vehicle 10 changes from the straight traveling state to
the non-straight traveling state. After moving into the im-
mediate right lane 100B, the host vehicle 10 changes
from the non-straight traveling state to the straight
traveling state, and thus travels in the immediate right
lane 100B in the straight traveling state. Generally, when
the host vehicle 10 changes lanes from lane 100A to the
immediate right lane 100B, the direction indicator oper-
ation unit 22 is operated and the direction indicators 18
are activated. The steering operation unit 20 is operated,
the host vehicle 10 changes from the straight traveling
state to the non-straight traveling state, and the lane
change is carried out. After the lane change is complete,
the steering operation unit 20 is operated such that the
host vehicle 10 changes from the non-straight traveling
state to the straight traveling state. As a result, the host
vehicle 10 travels in the immediate right lane 100B in a
straight traveling state. Meanwhile, the operation signal
outputted from the direction indicator operation unit 22
is canceled, and the direction indicators 18 of the host
vehicle 10 traveling in the immediate right lane 100B in
the straight traveling state are deactivated. The same
applies when the host vehicle 10 changes lanes to the
immediate leftlane 100C. When the host vehicle 10 trav-
els in the immediate right lane 100B or the immediate left
lane 100C in the straight traveling state, the possibility
of a collision with the first following vehicle 11A traveling
in the lane 100A, in which the host vehicle 10 was
traveling earlier, is low. Despite the possibility of a colli-
sion being low, an unnecessary warning may be gener-
ated if the second detector 32 and the third detector 33
are in the active state. When the cancellation signal is
outputted from the cancellation unit 57, at least one of
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the second detector 32 and the third detector 33, which
are in the active state, is switched to the inactive state,
which suppresses the generation of unnecessary warn-
ings.

[0130] In the present embodiment, the rear detection
device control unit 56 keeps the first detector 31 in the
active state both before the operation signal from the
direction indicator operation unit 22 is outputted and after
the cancellation signal from the cancellation unit 57 has
been outputted. As a result, the following vehicle 11 di-
rectly behind can continue to be detected using the first
detector 31.

[0131] In the present embodiment, when it is deter-
mined that the host vehicle 10 has changed from the
straight traveling state to the non-straight traveling state
on the basis of the operation amount of the steering op-
eration unit 20, the rear detection device control unit 56
switches at least one of the second detector 32 and the
third detector 33, which are in the inactive state, to the
active state. As a result, the generation of unnecessary
warnings can be suppressed.

[0132] Inthe case where the host vehicle 10 changes
lanes to the immediate right lane 100B or the immediate
leftlane 100C, the steering operation unit 20 is operated.
In the case where the host vehicle 10 changes lanes to
the immediate right lane 100B, the steering operation
unit 20 is operated such that the host vehicle 10 turns to
the right. By switching the second detector 32 in the in-
active state from the inactive state to the active state on
the basis of the operation amount of the steering opera-
tion unit 20, the second following vehicle 11B in the im-
mediate right lane 100B can be detected using the sec-
ond detector 32. In the case where the host vehicle 10
changes lanes to the immediate leftlane 100C, the steer-
ing operation unit 20 is operated such that the host ve-
hicle 10 turns to the left. By switching the third detector
33 intheinactive state from the inactive state to the active
state on the basis of the operation amount of the steering
operation unit 20, the third following vehicle 11C in the
immediate left lane 100C can be detected using the third
detector 33. As aresult, inthe case where the host vehicle
10 changes lanes to the immediate right lane 100B, a
collision between the host vehicle 10 and the second
following vehicle 11B can be prevented. In the case
where the host vehicle 10 changes lanes to the immedi-
ate left lane 100C, a collision between the host vehicle
10 and the third following vehicle 11C can be prevented.
[0133] In the present embodiment, when it is deter-
mined that the host vehicle 10 has changed from the non-
straight traveling state to the straight traveling state on
the basis of the operation amount of the steering opera-
tion unit 20, the rear detection device control unit 56
switches at least one of the second detector 32 and the
third detector 33, which are in the active state, to the
inactive state. As a result, the generation of unnecessary
warnings can be suppressed.

[0134] When the host vehicle 10 changes lanes to the
immediate right lane 100B, the host vehicle 10 moves
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into the immediate right lane 100B as a result of the steer-
ing operation unit 20 being operated such that the host
vehicle 10 changes from the straight traveling state to
the non-straight traveling state. After moving to the im-
mediate right lane 100B, the host vehicle 10 changes
from the non-straight traveling state to the straight
traveling state, and thus travels in the immediate right
lane 100B in the straight traveling state. Generally, when
the host vehicle 10 changes lanes from the lane 100A to
the immediate right lane 100B, the steering operation
unit 20 is operated, the host vehicle 10 changes from the
straight traveling state to the non-straight traveling state,
and the lane change is carried out. After the lane change
is complete, the steering operation unit 20 is operated
such that the host vehicle 10 changes from the non-
straight traveling state to the straight traveling state. As
aresult, the host vehicle 10 travels in the immediate right
lane 100B in the straight traveling state. The same ap-
plies when the host vehicle 10 changes lanes to the im-
mediate left lane 100C. When the host vehicle 10 travels
in the immediate right lane 100B or the immediate left
lane 100C in the straight traveling state, the possibility
of a collision with the first following vehicle 11A traveling
in the lane 100A, in which the host vehicle 10 was
traveling earlier, is low. Despite the possibility of a colli-
sion being low, an unnecessary warning may be gener-
ated if the second detector 32 and the third detector 33
are in the active state. When it has been determined,
after the host vehicle 10 has changed lanes, that the host
vehicle 10 is traveling in the post-change lane 100B or
100C in the straight traveling state, at least one of the
second detector 32 and the third detector 33, which are
in the active state, is switched to the inactive state, which
suppresses the generation of unnecessary warnings.
[0135] In the present embodiment, the rear detection
device control unit 56 keeps the first detector 31 in the
active state both before the host vehicle 10 changes from
the straight traveling state to the non-straight traveling
state and after the host vehicle 31 has changed from the
non-straight traveling state to the straight traveling state.
As a result, the following vehicle 11 directly behind can
continue to be detected using the first detector 31.

Third Embodiment

[0136] A third embodiment will now be described. In
the following descriptions, constituent elements identical
to those in the above-described embodiments will be giv-
en the same reference signs, and descriptions thereof
will be simplified or omitted.

[0137] FIG. 20 is a diagram illustrating an example of
a rear detection device 300 according to the present em-
bodiment. In the above-described embodiments, the rear
detection device 30 has a plurality of detectors (31, 32,
and 33). As illustrated in FIG. 20, the rear detection de-
vice 300 may be constituted of a single detector. The rear
detection device 300 has a detection range 300S. In the
case where the detection range 300S is broad, the rear
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detection device 300 can detect the first following vehicle
11A, the second following vehicle 11B, and the third fol-
lowing vehicle 11C with a single detector. As described
above, in addition to whether or not an object is present,
the radar device is capable of detecting a relative position
of the object (a relative distance and orientation) and a
relative velocity of the object. In the case where the rear
detection device 300 includes a radar device, the rear
detection device 300 can distinguish between the first
following vehicle 11A, the second following vehicle 11B,
and the third following vehicle 11C even if the first follow-
ing vehicle 11A, the second following vehicle 11B, and
the third following vehicle 11C are all present in the de-
tection range 300S at the same time. Accordingly, on the
basis of the detection result fromthe rear detection device
300, the computation processing unit 51 can output the
presence/absence of the possibility of a collision between
the host vehicle 10 and the first following vehicle 11A
approaching the host vehicle 10 from directly behind, the
presence/absence ofthe possibility of a collision between
the host vehicle 10 and the second following vehicle 11B
approaching the host vehicle 10 from the rear-right, and
the presence/absence of the possibility of a collision be-
tween the host vehicle 10 and the third following vehicle
11C approaching the host vehicle 10 from the rear-left.

[0138] Note that the rear detection device 300 may in-
clude atleast one of alaser scanner, a three-dimensional
rangefinder, and an imaging device (camera). The rear
detection device 300 may have a single detection range
300S. The rear detection device 300 can distinguish be-
tween the firstfollowing vehicle 11A, the second following
vehicle 11B, and the third following vehicle 11C even if
the first following vehicle 11A, the second following ve-
hicle 11B, and the third following vehicle 11C are all
present in the detection range 300S at the same time.

Fourth Embodiment

[0139] A fourth embodiment will now be described. In
the following descriptions, constituent elements identical
tothose in the above-described embodiment will be given
the same reference signs, and descriptions thereof will
be simplified or omitted.

[0140] FIG. 21 is a diagram schematically illustrating
an example of the host vehicle 10 according to the
present embodiment. The host vehicle 10 includes the
rear detection device 300 such as that described with
reference to FIG. 20. The rear detection device 300 has
the detection range 300S in which an object directly be-
hind, an object to the rear-right, and an object to the rear-
left can be detected.

[0141] FIGS. 22, 23, and 24 are diagrams schemati-
cally illustrating an example of operations performed by
the rear detection device 300 according to the present
embodiment. As illustrated in FIGS. 21, 22, 23, and 24,
in the present embodiment, the control device 50 has a
specific region setting unit 58 capable of setting, within
the detection range 300S, a first specific region 301S
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extending directly behind, a second specific region 302S
extending to the rear-right, and a third specific region
303S extending to the rear-left. The specific region set-
ting unit 58 is capable of switching each of the first specific
region 301S, the second specific region 302S, and the
third specific region 303S from a set state to an unset
state and vice versa in the detection range 300S on the
basis of a detection result from the rear detection device
300.

[0142] The first specific region 301S is smaller than
the detection range 300S. The first specific region 301S
is set in a part of the detection range 300S. The second
specific region 302S is smaller than the detection range
300S. The second specific region 302S is set in a part
of the detection range 300S. The third specific region
3038 is smaller than the detection range 300S. The third
specific region 303S is setin a part of the detection range
300S.

[0143] The first specific region 301S, the second spe-
cific region 302S, and the third specific region 303S are
set so as to be substantially non-overlapping. Note, how-
ever, that the first specific region 301S and the second
specific region 302S may at least partially overlap. The
first specific region 301S and the third specific region
303S may at least partially overlap. The second specific
region 302S and the third specific region 303S do not
overlap.

[0144] In the present embodiment, when, in the case
where the first specific region 301S is in the set state and
the second specific region 302S and third specific region
303S are in the unset state, an object is present in the
first specific region 301S, the rear detection device 300
determines that an object is present in the first specific
region 301S of the detection range 300S and outputs a
detection signal indicating that object. When, in the case
where the first specific region 301S is in the set state and
the second specific region 302S and third specific region
303S are in the unset state, an object is present within
the detection range 300S but outside the first specific
region 301S, the rear detection device 300 determines
that an object is not present in the detection range 300S
and does not output a detection signal indicating the ob-
ject (or outputs a non-detection signal).

[0145] The same applies in the case where the second
specificregion 302S is in the set state and the first specific
region 301S and third specific region 303S are in the
unset state. The same applies in the case where the third
specificregion 303S is in the set state and the first specific
region 301S and second specific region 302S are in the
unset state.

[0146] Onthe basis ofthe detection result from the rear
detection device 300, the computation processing unit
51 outputs the presence/absence of the possibility of a
collision with the first following vehicle 11A present in the
first specific region 301S, the presence/absence of the
possibility of a collision with the second following vehicle
11B present in the second specific region 302S, and the
presence/absence of the possibility of a collision with the
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third following vehicle 11C present in the third specific
region 303S.

[0147] FIG. 25 is a flowchart illustrating an example of
a collision avoidance method according to the present
embodiment. FIG. 26 is a diagram schematically illus-
trating an example of operations performed by the host
vehicle 10. Asiillustrated in FIG. 25, when the host vehicle
10isinthe straighttraveling state in the centerlane 100A,
the specific region setting unit 58 controls the rear de-
tection device 300 such that the first specific region 301S
is in the set state, the second specific region 302S is in
the unset state, and the third specific region 303S is in
the unset state (step SC1).

[0148] Forexample, inthe case where the host vehicle
10 changes lanes to the immediate right lane 100B, the
driver of the host vehicle 10 operates the direction indi-
cator operation unit 22 (step SC2). In the case where the
host vehicle 10 changes lanes from the lane 100A to the
lane 100B, the direction indicator operation unit 22 is op-
erated such that the direction indicators 18 on the right
part of the host vehicle 10 are activated. The direction
indicator operation unit 22 generates the operation signal
in response to the direction indicator operation unit 22
being operated. The operation signal generated by the
direction indicator operation unit 22 is outputted to the
specific region setting unit 58.

[0149] Additionally, the driver of the host vehicle 10
operates the steering operation unit 20 such that the host
vehicle 10 changes lanes from the lane 100A to the lane
100B (step SC3). The steering operation unit 20 gener-
ates an operation signal in response to the steering op-
eration unit 20 being operated. The operation signal gen-
erated by the steering operation unit 20 includes opera-
tion amount data indicating the operation amount of the
steering operation unit 20. The operation signal gener-
ated by the steering operation unit 20 is outputted to the
specific region setting unit 58.

[0150] FIG. 27 is a schematic diagram illustrating an
example of the state of the host vehicle 10 after the di-
rection indicator operation unit 22 has been operated. As
illustrated in FIG. 27, the specific region setting unit 58
switches the second specific region 302S in an unset
state to the set state on the basis of the operation signal
outputted from the direction indicator operation unit 22.
As aresult, when the host vehicle 10 changes lanes from
the lane 100A to the lane 100B, the presence/absence
of an object (the second following vehicle 11B) to the
rear-right of the host vehicle 10 is detected.

[0151] For example, in the case where the second fol-
lowing vehicle 11B in the lane 100B has been detected
by the second specific region 302S, the warning device
7 is activated. The second following vehicle 11B is cau-
tioned by the external warning device 72 being activated.
The driver of the host vehicle 10 is cautioned by the in-
ternal warning device 71 being activated. The driver may
cancel the lane change from the lane 100A to the lane
100B, for example.

[0152] Note that when the steering operation unit 20
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is operated such that the host vehicle 10 changes lanes
from the lane 100A to the lane 100B, the specific region
setting unit 58 may, on the basis of the operation amount
of the steering operation unit 20, determine that the host
vehicle 10 in a straight traveling state changes from the
straight traveling state to the non-straight traveling state
in order to change lanes, and may switch the second
specific region 302S in the unset state to the set state.
As a result of this too, when the host vehicle 10 changes
lanes from the lane 100A to the lane 100B, the pres-
ence/absence of an object (the second following vehicle
11B) to the rear-right of the host vehicle 10 is detected.
[0153] The host vehicle 10 that was in the straight
traveling state changes to the non-straight traveling state
in order to carry out the lane change (step SC4). As a
result, the host vehicle 10 completes the lane change
from the lane 100A to the lane 100B. After the lane
change is complete, the driver of the host vehicle 10 op-
erates the steering operation unit 20 such that the host
vehicle 10 changes from the non-straight traveling state
to the straight traveling state. As a result, as illustrated
in FIG. 28, the host vehicle 10 travels in the straight
traveling state in the lane 100B (step SC5).

[0154] When the lane change is complete and the host
vehicle 10 has changed from the non-straight traveling
state to the straight traveling state, the cancellation unit
57 outputs the cancellation signal that cancels the oper-
ation signal outputted from the direction indicator oper-
ation unit 22. As a result, the direction indicators 18 are
deactivated and the direction indicator operation unit 22
is returned to the neutral position.

[0155] In the present embodiment, the specific region
setting unit 58 switches the second specific region 302S
in the set state to the unset state on the basis of the
cancellation signal outputted from the cancellation unit
57. The specific region setting unit 58 keeps the first spe-
cificregion 301S in the set state both before the operation
signal from the direction indicator operation unit 22 is
outputted and after the cancellation signal from the can-
cellation unit 57 has been outputted. In other words, the
first specific region 301S remains set in both the straight
traveling state and the non-straight traveling state. On
the other hand, the second specific region 302S is in the
set state in a period when the host vehicle 10 travels in
the non-straight traveling state in order to make the lane
change, but is in the unset state in a period when the
host vehicle 10 travels in the straight traveling state. As
a result, as illustrated in FIG. 28, in the lane 100B, the
first specific region 301S of the host vehicle 10 in the
straight traveling state is in the set state, and the second
specific region 302S and third specific region 303S are
in the unset state.

[0156] Note that when the host vehicle 10 makes a
lane change, the steering operation unit 20 is operated
such that the host vehicle 10 changes from the non-
straight traveling state to the straight traveling state. The
specific region setting unit 58 may determine that the
host vehicle 10 has changed from the non-straight
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traveling state to the straight traveling state (that the lane
change is complete) on the basis of the operation amount
of the steering operation unit 20 and switch the second
specific region 302S from the set state to the unset state.
[0157] The specific region setting unit 58 keeps the
first specific region 301S in the set state both before the
host vehicle 10 changes from the straight traveling state
to the non-straight traveling state and after the host ve-
hicle 10 has changed from the non-straight traveling state
to the straight traveling state. The first specific region
301S remains set in both the straight traveling state and
the non-straight traveling state. The second specific re-
gion 302S is in the set state in a period when the host
vehicle 10 travels in the non-straight traveling state in
order to make the lane change, but is in the unset state
in a period when the host vehicle 10 travels in the straight
traveling state.

[0158] The foregoing has described a case where the
host vehicle 10 turns (changes lanes) to the right. The
same also applies in the case where the host vehicle 10
turns (changes lanes) to the left. When the host vehicle
10is in the straight traveling state, the first specific region
301S is in the set state and the second specific region
302S and third specificregion 303S are in the unset state.
When the host vehicle 10 turns to the left and travels in
the non-straight traveling state in order to change lanes
from the lane 100A to the immediate left lane 100C, the
first specific region 301S and the third specific region
303S are in the set state and the second specific region
302S is in the unset state. As a result of the direction
indicator operation unit 22 being operated when the host
vehicle 10 changes lanes from the lane 100A to the im-
mediate left lane 100C, the specific region setting unit 58
switches the third specific region 303S in the unset state
to the set state on the basis of the operation signal out-
putted from the direction indicator operation unit 22. Ad-
ditionally, as a result of the steering operation unit 20
being operated when the host vehicle 10 changes lanes
from the lane 100A to the immediate left lane 100C, the
specific region setting unit 58 switches the third specific
region 303S in the unset state to the set state on the
basis of the operation amount of the steering operation
unit 20.

[0159] Because the third specific region 303S in the
unset state is switched to the set state, when the host
vehicle 10 changes lanes from the lane 100A to the lane
100C, the presence/absence of an object (the third fol-
lowing vehicle 11C) to the rear-left of the host vehicle 10
is detected. For example, in the case where the third
following vehicle 11C in the lane 100C has been detected
by the third specific region 303S, the warning device 7
is activated. The third following vehicle 11C is cautioned
by the external warning device 72 being activated. The
driver of the host vehicle 10 is cautioned by the internal
warning device 71 being activated. The driver may cancel
the lane change from the lane 100A to the lane 100C,
for example.

[0160] After the lane change from the lane 100A to the
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lane 100C is complete, the driver of the host vehicle 10
operates the steering operation unit 20 such that the host
vehicle 10 changes from the non-straight traveling state
to the straight traveling state. As a result, the host vehicle
10 travels in the straight traveling state in the lane 100C.
Additionally, when the lane change is complete and the
host vehicle 10 has changed from the non-straight
traveling state to the straight traveling state, the cancel-
lation unit 57 outputs the cancellation signal that cancels
the operation signal outputted from the direction indicator
operation unit 22. As a result, the direction indicators 18
are deactivated and the direction indicator operation unit
22 is returned to the neutral position. In the lane 100C,
the first specific region 301S of the host vehicle 10 in the
straight traveling state is in the set state, and the second
specific region 302S and third specific region 303S are
in the unset state.

[0161] As described thus far, according to the present
embodiment, at least one of the second specific region
3028 and the third specific region 303S, which are in the
unset state, is switched to the set state on the basis of
the operation signal outputted from the direction indicator
operation unit 22. As a result, the generation of unnec-
essary warnings can be suppressed.

[0162] A state where the direction indicator operation
unit 22 is not being operated includes the host vehicle
10 being in the straight traveling state. Setting the second
specific region 302S and the third specific region 303S
to the unset state in a state where the direction indicator
operation unit 22 is not being operated suppresses the
generation of unnecessary warnings. In the case where
the host vehicle 10 changes lanes to the immediate right
lane 100B, the direction indicator operation unit 22 is op-
erated such that the direction indicators 18 on the right
are activated. By switching the second specific region
302S in the unset state from the unset state to the set
state on the basis of the operation signal, the second
following vehicle 11B in the immediate right lane 100B
can be detected using the second specific region 302S.
In the case where the host vehicle 10 changes lanes to
the immediate left lane 100C, the direction indicator op-
eration unit 22 is operated such that the direction indica-
tors 18 on the left are activated. By switching the third
specific region 303S in the unset state from the unset
state to the set state on the basis of the operation signal,
the third following vehicle 11C in the immediate left lane
100C can be detected using the third specific region
3038S. As a result, in the case where the host vehicle 10
changes lanes to the immediate right lane 100B, a colli-
sion between the host vehicle 10 and the second follow-
ing vehicle 11B can be prevented. In the case where the
host vehicle 10 changes lanes to the immediate left lane
100C, a collision between the host vehicle 10 and the
third following vehicle 11C can be prevented.

[0163] In the present embodiment, when the host ve-
hicle 10 changes from the non-straight traveling state to
the straight traveling state, the operation signal outputted
from the direction indicator operation unit 22 is canceled.
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When the operation signal is canceled, at least one of
the second specific region 302S and the third specific
region 303S, which are in the set state, is switched to the
unset state. As a result, the generation of unnecessary
warnings can be suppressed.

[0164] In the present embodiment, the specific region
setting unit 58 keeps the first specific region 301S in the
set state both before the operation signal from the direc-
tion indicator operation unit 22 is outputted and after the
cancellation signal from the cancellation unit 57 has been
outputted. As a result, the following vehicle 11 directly
behind can continue to be detected using the first specific
region 301S.

[0165] In the present embodiment, when it is deter-
mined that the host vehicle 10 has changed from the
straight traveling state to the non-straight traveling state
on the basis of the operation amount of the steering op-
eration unit 20, the specific region setting unit 58 switches
at least one of the second specific region 302S and the
third specific region 303S, which are in the unset state,
to the set state. As a result, the generation of unneces-
sary warnings can be suppressed.

[0166] In the present embodiment, when it is deter-
mined that the host vehicle 10 has changed from the non-
straight traveling state to the straight traveling state on
the basis of the operation amount of the steering opera-
tion unit 20, the specific region setting unit 58 switches
at least one of the second specific region 302S and the
third specific region 303S, which are in the set state, to
the unset state. As a result, the generation of unneces-
sary warnings can be suppressed.

[0167] In the present embodiment, the specific region
setting unit 58 keeps the first specific region 301S in the
set state both before the host vehicle 10 changes from
the straight traveling state to the non-straight traveling
state and after the host vehicle 10 has changed from the
non-straight traveling state to the straight traveling state.
As a result, the following vehicle 11 directly behind can
continue to be detected using the first specific region
301S.

Fifth Embodiment

[0168] A fifth embodiment will now be described. In the
following descriptions, constituent elements identical to
those in the above-described embodiment will be given
the same reference signs, and descriptions thereof will
be simplified or omitted.

[0169] FIG. 29 is a diagram schematically illustrating
an example of the host vehicle 10 according to the
presentembodiment. The host vehicle 10 includes arear
detection device 3000. The control device 50 has a two-
wheeled vehicle determination unit 59 that determines,
on the basis of a detection result from the rear detection
device 3000, whether or not the third following vehicle
11C approaching the host vehicle 10 from the rear-left is
a two-wheeled vehicle 15. The host vehicle 10 includes
a two-wheeled vehicle warning device 26 that generates
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a warning for the two-wheeled vehicle 15 when the host
vehicle 10 is to turn left when, on the basis of a determi-
nation result from the two-wheeled vehicle determination
unit 59, it has been determined that the third following
vehicle 11C approaching the host vehicle 10 from the
rear-left is the two-wheeled vehicle 15.

[0170] A four-wheeled vehicle and a two-wheeled ve-
hicle have different sizes. The two-wheeled vehicle de-
termination unit 59 can distinguish between a four-
wheeled vehicle and a two-wheeled vehicle on the basis
of the detection result from the rear detection device
3000.

[0171] The two-wheeled vehicle warning device 26
generates the warning for the two-wheeled vehicle 15
when the host vehicle 10 is to turn left when it has been
determined that the third following vehicle 11C approach-
ing the host vehicle 10 from the rear-left is the two-
wheeled vehicle 15. Because the warning is generated
when the host vehicle 10 is to turn left, a collision with
the two-wheeled vehicle 15 can be avoided when the
host vehicle 10 turns to the left.

Reference Signs List
[0172]

1 Collision avoidance system
7 Warning device

10 Vehicle (host vehicle)

11 Following vehicle

11A First following vehicle
11B Second following vehicle
11C Third following vehicle
12 Driving apparatus

12F Front wheel

12R Rear wheel

13 Leading vehicle

14 Vehicle body

15 Two-wheeled vehicle

16 Steering apparatus

18 Direction indicator

20 Steering operation unit

22 Direction indicator operation unit
26 Two-wheeled vehicle warning device
30 Rear detection device

31 First detector

318 First detection range

32 Second detector

328 Second detection range
33 Third detector

338 Third detection range

40 Front detection device

41 Fourth detector

42 Fifth detector

43 Sixth detector

50 Control device

51 Computation processing unit
52 Comparison unit
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53 Warning device control unit

54 Selection unit

55 Driving control unit

56 Rear detection device control unit
57 Cancellation unit

58 Specific region setting unit

59 Two-wheeled vehicle determination unit
71 Internal warning device

72 External warning device

100A Lane

100B Lane

100C Lane

300 Rear detection device

300S Detection range

3018 First specific region

302S Second specific region

303S Third specific region

Claims
1. A collision avoidance system comprising:

a rear detection device arranged in a host vehi-
cle and capable of detecting an object directly
behind the host vehicle, an object to rear-right
of the host vehicle, and an object to rear-left of
the host vehicle in a non-contact manner;

a computation processing unit that, on the basis
of a detection result from the rear detection de-
vice, outputs presence/absence of a possibility
of a collision between the host vehicle and a first
following vehicle approaching the host vehicle
from directly behind, presence/absence of a
possibility of a collision between the host vehicle
and a second following vehicle approaching the
host vehicle from the rear-right, and pres-
ence/absence of a possibility of a collision be-
tween the host vehicle and a third following ve-
hicle approaching the host vehicle from the rear-
left; and

a warning device that, on the basis of an output
result from the computation processing unit,
generates a first warning when there is the pos-
sibility of a collision with the first following vehi-
cle, generates a second warning when there is
the possibility of a collision with the second fol-
lowing vehicle, and generates a third warning
when there is the possibility of a collision with
the third following vehicle.

2. The system according to claim 1,
wherein the computation processing unit estimates

a first amount of time from a point in time when
the rear detection device detects the first follow-
ing vehicle to when the first following vehicle and
the host vehicle collide,
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a second amount of time from a point in time
when the rear detection device detects the sec-
ond following vehicle to when the second follow-
ing vehicle and the host vehicle collide, and

a third amount of time from a point in time when
the rear detection device detects the third fol-
lowing vehicle to when the third following vehicle
and the host vehicle collide,

and on the basis of the results that is estimated, out-
puts

a first risk level of the host vehicle and the first
following vehicle colliding,

a second risk level of the host vehicle and the
second following vehicle colliding, and

a third risk level of the host vehicle and the third
following vehicle colliding;

the system further comprises a comparison unit that
compares the first risk level, the second risk level,
and the third risk level; and

on the basis of a comparison result from the com-
parison unit, the warning device generates the first
warning when the firstrisk level is highest, generates
the second warning when the second risk level is
highest, and generates the third warning when the
third risk level is highest.

The system according to claim 1 or 2, further com-
prising:

a front detection device arranged in the host ve-
hicle and capable of detecting an object directly
in front of the host vehicle, an object to front-
right of the host vehicle, and an object to front-
left of the host vehicle in a non-contact manner;
a selection unit that, on the basis of detection
results from the rear detection device and the
front detection device, selects a space, from a
space directly in front, a space to the front-right,
and a space to the front-left, in which no object
is present; and

a guidance unit that guides the host vehicle into
the space selected by the selection unit.

The system according to claim 3, wherein the guid-
ance unit includes at least one of

an instruction output unit that is arranged within
the host vehicle and instructs a driver of a target
advancement direction of the host vehicle, and
a driving control unit that controls a driving ap-
paratus of the host vehicle.

The system according to any one of claims 1 to 4,
wherein
a warning generated by the warning device includes
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sound, an image, or both.

The system according to any one of claims 1 to 5,
wherein
the rear detection device includes

afirst detector having a first detection range and
capable of detecting an object directly behind,
a second detector having a second detection
range and capable of detecting an object to the
rear-right, and

a third detector having a third detection range
and capable of detecting an object to the rear-
left;

the system further comprises:

a rear detection device control unit capable of
switching each of the first detector, the second
detector, and the third detector from an active
state to an inactive state and vice versa, and

a direction indicator operation unit that operates
a direction indicator of the host vehicle, and
the rear detection device control unit switches
at least one of the second detector and the third
detector in the inactive state to the active state
on the basis of an operation signal outputted
from the direction indicator operation unit.

The system according to claim 6, further comprising:

a cancellation unit that outputs a cancellation
signal that cancels the operation signal output-
ted from the direction indicator operation unit up-
on the host vehicle changing from a non-straight
traveling state to a straight traveling state,

wherein the rear detection device control unit switch-
es at least one of the second detector and the third
detector in the active state to the inactive state on
the basis of the cancellation signal outputted from
the cancellation unit.

The system according to claim 7, wherein

the rear detection device control unit keeps the first
detector in the active state both before the operation
signal is outputted and after the cancellation signal
has been outputted.

The system according to any one of claims 1 to 5,
wherein
the rear detection device includes

afirst detector having a first detection range and
capable of detecting an object directly behind,

a second detector having a second detection
range and capable of detecting an object to the
rear-right, and
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a third detector having a third detection range
and capable of detecting an object to the rear-
left;

the system further comprises:

a rear detection device control unit capable of
switching each of the first detector, the second
detector, and the third detector from an active
state to an inactive state and vice versa, and
asteering operation unit that operates a steering
apparatus of the host vehicle, and

the rear detection device control unit switches at
least one of the second detector and the third detec-
tor in the inactive state to the active state upon it
being determined, on the basis of an operation
amount of the steering operation unit, that the host
vehicle has changed from a straight traveling state
to a non-straight traveling state.

The system according to claim 9, wherein

the rear detection device control unit switches at
least one of the second detector and the third detec-
tor in the active state to the inactive state upon it
being determined, on the basis of the operation
amount of the steering operation unit, that the host
vehicle has changed from the non-straight traveling
state to the straight traveling state.

The system according to claim 10, wherein

the rear detection device control unit keeps the first
detector in the active state both before the host ve-
hicle changes from the straight traveling state to the
non-straight traveling state and after the host vehicle
has changed from the non-straight traveling state to
the straight traveling state.

The system according to any one of claims 1 to 5,
wherein

the rear detection device has a detection range ca-
pable of detecting an object directly behind, an object
to rear-right, and an object to rear-left; the system
further comprises:

a specific region setting unit capable of switching
each of a first specific region extending directly
behind, a second specific region extending to
the rear-right, and a third specific region extend-
ing to the rear-left from a set state to an unset
state and vice versa in the detection range, on
the basis of a detection result from the rear de-
tection device; and

adirection indicator operation unit that operates
a direction indicator of the host vehicle, and

wherein the specific region setting unit switches at
least one of the second specific region and the third
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specific region in the unset state to the set state on
the basis of an operation signal outputted from the
direction indicator operation unit; and

the computation processing unit outputs pres-
ence/absence of a possibility of a collision with the
first following vehicle present in the first specific re-
gion, presence/absence of a possibility of a collision
with the second following vehicle present in the sec-
ond specific region, and presence/absence of a pos-
sibility of a collision with the third following vehicle
present in the third specific region, on the basis of
the detection result from the rear detection device.

The system according to claim 12, further compris-
ing:

a cancellation unit that outputs a cancellation
signal that cancels the operation signal output-
ted from the direction indicator operation unit up-
on the host vehicle changing from a non-straight
traveling state to a straight traveling state,

wherein the specific region setting unit switches at
least one of the second specific region and the third
specific region in the set state to the unset state on
the basis of the cancellation signal outputted from
the cancellation unit.

The system according to claim 13, wherein

the specific region setting unit keeps the first specific
region in the set state both before the operation sig-
nal is outputted and after the cancellation signal has
been outputted.

The system according to any one of claims 1 to 5,
wherein

the rear detection device has a detection range ca-
pable of detecting an object directly behind, an object
to the rear-right, and an object to the rear-left;

the system further comprises:

aspecificregion setting unit capable of switching
each of a first specific region extending directly
behind, a second specific region extending to
the rear-right, and a third specific region extend-
ing to the rear-left from a set state to an unset
state and vice versa in the detection range, on
the basis of a detection result from the rear de-
tection device; and

a steering operation unitthat operates a steering
apparatus of the host vehicle, and

wherein the specific region setting unit switches at
least one of the second specific region and the third
specific region in the unset state to the set state upon
it being determined, on the basis of an operation
amount of the steering operation unit, that the host
vehicle has changed from a straight traveling state
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to a non-straight traveling state; and

the computation processing unit outputs pres-
ence/absence of a possibility of a collision with the
first following vehicle present in the first specific re-
gion, presence/absence of a possibility of a collision
with the second following vehicle present in the sec-
ond specific region, and presence/absence of a pos-
sibility of a collision with the third following vehicle
present in the third specific region, on the basis of
the detection result from the rear detection device.

The system according to claim 15, wherein

the specific region setting unit switches at least one
of the second specific region and the third specific
region in the set state to the unset state upon it being
determined, on the basis of the operation amount of
the steering operation unit, that the host vehicle has
changed from the non-straight traveling state to the
straight traveling state.

The system according to claim 16, wherein

the specific region setting unit keeps the first specific
region in the set state both before the host vehicle
changes from the straight traveling state to the non-
straight traveling state and after the host vehicle has
changed from the non-straight traveling state to the
straight traveling state.

The system according to any one of claims 1 to 17,
further comprising:

a two-wheeled vehicle determination unit that
determines whether or not the third following ve-
hicle is a two-wheeled vehicle on the basis of
the detection result from the rear detection de-
vice; and

a two-wheeled vehicle warning device that gen-
erates a warning for the two-wheeled vehicle
when the host vehicle is to turn left upon it being
determined, on the basis of a determination re-
sult from the two-wheeled vehicle determination
unit, that the third following vehicle is a two-
wheeled vehicle.

A collision avoidance method comprising the steps
of:

detecting an object directly behind the host ve-
hicle, an object to rear-right of the host vehicle,
and an object to rear-left of the host vehicle in a
non-contact manner using a rear detection de-
vice arranged in a host vehicle;

determining, on the basis of a detection result
from the rear detection device, presence/ab-
sence of a possibility of a collision with a first
following vehicle approaching the host vehicle
from directly behind, presence/absence of a
possibility of a collision with a second following
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vehicle approaching the host vehicle from the
rear-right, and presence/absence of a possibility
of a collision with a third following vehicle ap-
proaching the host vehicle from the rear-left; and
generating a first warning when there is the pos-
sibility of a collision with the first following vehi-
cle, generating a second warning when there is
the possibility of a collision with the second fol-
lowing vehicle, and generating a third warning
when there is the possibility of a collision with
the third following vehicle, on the basis of aresult
of the determination, using a warning device ar-
ranged in the host vehicle.
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